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Abstract 
It is widely believed that a child's vision is an important factor for optimising their 
educational experience given that a substantial amount of learning materials are 
presented visually. However, research investigating the specific visual requirements 
in classrooms, especially modern classrooms, in which a range of technologies such 
as smart boards and computers are employed, is extremely limited. In addition, there 
is a relatively high prevalence of visual problems among school children, including 
low magnitude uncorrected refractive errors and binocular vision anomalies. Despite 
this, little evidence exists regarding how such visual problems might impact upon 
aspects of learning or academic performance in children. Therefore, this series of 
studies aimed to determine the visual demands in modern primary school classrooms 
and also the impact of common refractive anomalies (hyperopia, hyperopic 
anisometropia and astigmatism) on a child‘s ability to perform academic-related 
tasks.  
 
The first study of this thesis (an observational study described in Chapters 3 and 4) 
aimed to quantify the levels of visual function required by children to adequately 
perform in a modern primary classroom setting. Thirty three classrooms used for 
teaching Year 5 and 6 children (aged 10 to 12 years) from eight Brisbane primary 
schools were included. Classroom activities undertaken between 9am and 3pm on 
normal school days were observed and recorded in a written diary along with a range 
of measurements, including; classroom dimensions and lighting levels, the text size 
and contrast of learning materials, estimated habitual working distances of students 
(during distance and near fixation tasks) and time spent performing various 
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classroom tasks. These measurements were used to calculate the theoretical demands 
for distance and near visual acuity, contrast and sustained use of the accommodation 
and vergence systems.  
 
The average dimensions of the observed classrooms were 7.74m long and 6.97m 
wide. Illumination levels varied greatly within each classroom and throughout the 
day (both p<0.001). The front section of the classroom, closest to the whiteboard and 
teachers desk consistently displayed significantly reduced illumination levels (on 
average 38% lower than other quadrants). Illumination levels were lowest later in the 
day (3pm measurement), a consistent trend for all regions of the classrooms assessed. 
However, there were no consistent inter-school differences in the recorded 
illumination levels between time points throughout the day or between quadrant 
locations. 
 
The maximum mean distance threshold visual acuity demand was 0.33 logMAR with 
a range from the highest to lowest demand of 0.06 to 0.64 logMAR. While the 
maximum mean near threshold visual acuity demand was 0.72 logMAR with a range 
from 0.48 to 0.87 logMAR, when this included a 2.5 times acuity reserve that is 
required for sustained fluent reading tasks, these values translated to a maximum 
mean near acuity of 0.33 logMAR with a range from 0.08 to 0.47 logMAR. The 
mean contrast levels of learning materials at distance and near were >70% (an 
average contrast reserve of 25:1). Near tasks dominated the academic tasks 
performed in the classroom (47%) followed by distance (29%), distance to near 
(15%) and computer-based tasks (9%). On average, children maintained continuous 
near fixation for 23 ± 5 minutes at a time and during distance to near tasks, fixation 
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changes occurred on average 10 ± 1 times per minute. The mean habitual near 
working distance was 23 ± 1cm, which corresponds to a 4.38 ± 0.24 D 
accommodative demand while the vergence demand was 0.86 ± 0.07∆ at distance 
and 21.94 ± 1.09∆ at near assuming an average inter-pupillary distance of 56mm for 
children aged 11. 
 
This observational study, the first to provide a comprehensive evaluation of the 
specific levels of visual skills required by children in Australia, indicated that 
learning activities in modern school classrooms pose multiple demands on a child‘s 
visual system. Relatively high levels of visual acuity, contrast demand and sustained 
accommodative-convergence are required to perform optimally in the modern 
classroom environment. These findings have important implications for both eye care 
practitioners in terms of clinical management of paediatric visual problems and 
school authorities in terms of planning and implementation of education curriculum 
in schools. 
 
The remaining experiments described in this thesis aimed to investigate the impact of 
uncorrected refractive errors (which are commonly found in children and have been 
previously associated with reduced academic performance) and sustained near work 
upon academic-related performance in children (Experiments 2a, 2b and 2c). A 
simulation approach was adopted, rather than recruiting children with habitual 
refractive errors, in order to isolate the effects of each individual uncorrected 
refractive error alone without introducing inter-individual variations in performance. 
The refractive errors simulated in each experiment were; 2.50 D of bilateral 
hyperopia (experiment 2a), 0.75 D of hyperopic anisometropia (experiment 2b) and 
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1.50 D of bilateral astigmatism (experiment 2c). The outcome measures used to 
assess academic-related performance included a standardised reading test (the Neale 
Analysis of Reading Ability), visual information processing tests (the Coding and 
Symbol Search subtests from the Wechsler Intelligence Scale for Children) and a 
reading-related eye movement test (the Developmental Eye Movement test). Visually 
normal children were recruited (normal visual acuity, binocular vision and minimal 
habitual refractive error) and their performance on the academic-related outcome 
measures assessed with and without the various refractive error simulations 
(administered in a randomised order), before and after 20 minutes of sustained near 
work at a controlled 40cm working distance. 
 
In Experiment 2a (Chapter 5), the impact of 2.50 D of simulated bilateral hyperopia 
and sustained near work on children‘s ability to perform a range of academic-related 
tasks was examined. Fifteen visually normal children (mean age: 10.93 ± 0.80 years) 
were recruited. This relatively low level of simulated bilateral hyperopia and 
sustained near work each independently impaired reading, visual information 
processing and reading-related eye movement performance (p<0.001). A significant 
interaction was also demonstrated (p<0.001), with the greatest decrement in 
performance observed when simulated hyperopia was combined with sustained near 
work. This combination resulted in performance reductions of between 5% and 24% 
across the range of academic-related measures. A significant moderate correlation 
was also found between the change in horizontal near heterophoria and the change in 
several of the academic-related outcome measures following the addition of 
simulated hyperopia (p<0.05), suggesting a possible role of increased vergence 
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demand as the mechanism contributing to the observed reduction in functional 
performance. 
 
Given the significant impact of simulated bilateral hyperopia on functional 
performance observed in Experiment 2a, Experiment 2b (Chapter 6) examined the 
impact of a low level of simulated hyperopic anisometropia (a relatively common 
refractive condition) on children‘s ability to perform a range of academic-related 
tasks, before and after sustained near work. Sixteen children (mean age: 11.06 ± 0.77 
years) were recruited and their performance on the academic-related outcome 
measures assessed while wearing a 0.75 D hyperopic anisometropia simulation. The 
unilateral defocus was systematically assigned to either the dominant or non-
dominant sighting eye to evaluate the influence of ocular dominance on any 
performance decrements. As for the bilateral hyperopia simulation, simulated 
hyperopic anisometropia and sustained near work both independently impaired 
academic-related performance (p<0.001), with a significant interaction demonstrated 
between these factors (p<0.05). A reduction of between 3% and 12% in performance 
was observed across the full range of academic-related measures following sustained 
near work undertaken during the anisometropic simulation. However, these 
decrements in performance were substantially less than those observed in 
Experiment 2a (~ 50% less) and were not dependent upon the laterality of the 
anisometropia simulation with respect to the sighting dominant eye (p>0.05).  
 
The final experiment (Experiment 2c described in Chapter 7), examined the impact 
of simulated bilateral astigmatism on academic-related performance in children. 
Twenty visually normal children (mean age: 10.75 ± 0.72 years) completed a range 
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of standardised academic-related tests with and without 1.50 D of simulated bilateral 
astigmatism, before and after a sustained near work task. The astigmatism simulation 
was induced using positive cylindrical lenses with the inclusion of a compensating 
negative spherical lens to ensure a plano spherical equivalent to isolate the influence 
of astigmatic defocus. Each participant was systematically assigned either a with-the-
rule (WTR, axis 180°) or an against-the-rule (ATR, axis 90°) astigmatic simulation 
to evaluate the influence of axis orientation on any decrements in performance. 
Reading, visual information processing and reading-related eye movement 
performance were all significantly impaired by both simulated bilateral astigmatism 
(p<0.001) and sustained near work (p<0.001). However, in contrast to Experiments 
2a and 2b, there was no significant interaction between these factors (p>0.05). 
Simulated astigmatism led to a reduction of between 5% and 12% in performance 
across the academic-related outcome measures, but there was no significant effect of 
the axis (WTR or ATR) of the simulated astigmatism (p>0.05).  
  
A consistent trend observed across all of the three experiments in Study 2 was that 
sustained near work, of a duration commonly performed in primary school 
classrooms, resulted in a small but significant reduction in performance of the 
academic-related outcome measures (p<0.05), even in the absence of any refractive 
error simulation. A decrement in performance of between 1% and 4% was observed 
in each of the experiments following 20 minutes of sustained near work with optimal 
refractive correction. 
 
The studies included in this thesis are the first to have comprehensively evaluated 
and quantified the typical levels of visual function required by children to perform 
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optimally in a classroom environment. They demonstrate that learning activities in 
modern classrooms pose multiple demands on a child‘s visual system, including 
resolution of learning materials at distance and near, contrast demand and rapidly 
changing accommodation-vergence demands. The ability to sustain comfortable near 
fixation for prolonged periods is also an important requirement for primary school 
children. These studies are also the first to have investigated the impact of simulated 
uncorrected refractive errors and sustained near work on academic-related 
performance in children. The results suggest that relatively low magnitudes of 
refractive errors, which are not typically corrected based on current childhood 
prescribing guidelines, may have a detrimental impact on children‘s ability to 
perform efficiently in school, with sustained near work further exacerbating this 
effect.  
 
Collectively, the findings from this research improve current understanding of the 
relationship between visual function and academic performance in children by 
indicating the specific levels of visual skill required to perform optimally in modern 
classroom settings and the impact of a range of uncorrected refractive errors on 
functional school-related performance in children. Clinically, these findings make a 
contribution to evidence-based prescribing guidelines for children and the 
development of more comprehensive paediatric vision screening protocols and 
referral criteria for early identification and treatment of visual problems in children 
in order to minimise any potential functional disadvantage in school.  
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Chapter 1: Introduction 
1.1 BACKGROUND 
While it is widely believed that a large portion of children‘s daily activities, 
especially those related to school including reading, writing and playing sports, 
require good visual skills (Garzia, 2006; Hellerstein et al., 2001; Ihekaire & 
Anyanwu, 2012), there is little evidence to support these assertions which are 
generally based upon anecdotal evidence. In addition, there is a general 
misconception that visual acuity is the only relevant visual function and that a 
‗normal‘ visual acuity of 6/6 (0.00 logMAR) assessed with a standard high contrast 
distance letter chart adequately represents the overall functioning of the visual 
system. However, it is more likely that a child‘s ability to perform efficiently in 
school is dependent on a range of visual factors including scanning, focusing and 
visual coordination and the contrast demands of tasks, (Ritty et al., 1993); which are 
not fully reflected by measures of high contrast distance visual acuity alone. Despite 
the proposed association between visual function measures other than visual acuity 
and aspects of learning in school, the evidence outlining the precise nature of these 
relationships is inconclusive (Scheiman & Rouse, 2006).  
 
It has also been suggested that the visual anomalies that are common in school-aged 
children, including uncorrected refractive errors and non-strabismic binocular 
dysfunctions (Goh et al., 2005; Junghans et al., 2002; Robaei et al., 2006; Scheiman 
et al., 1996) may potentially reduce the capacity for children to optimally perform at 
school (American Academy of Optometry and American Optometric Association, 
1997; Marshall et al., 2010). Thus, it has been suggested that early detection and 
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appropriate management of these visual anomalies is critical to minimise their 
potential impact on childhood development including performance at school. 
However, the existing evidence regarding the association between uncorrected 
refractive errors, non-strabismic binocular dysfunctions and academic-related 
performance in children is inconclusive. This has resulted in inconsistencies in the 
paediatric management of school-aged children among eye care practitioners 
(O'Leary & Evans, 2003). 
 
This research was divided into two separate studies. Study 1, an observational study, 
aimed to quantify the visual demands imposed upon children within modern primary 
school classrooms, in order to estimate typical levels of visual function required by 
children to perform optimally within a classroom environment. Understanding the 
specific visual demands and the minimum levels of visual function required for 
children in school will assist in establishing evidence-based optometric management 
and school vision screening protocols. Study 2 consisted of three separate simulation 
experiments and aimed to investigate how uncorrected refractive errors in children 
may impact on their ability to perform standardised academic-related tasks. The 
refractive error simulations included bilateral hyperopia, hyperopic anisometropia 
and bilateral astigmatism, which are all common paediatric refractive errors. 
 
1.2 THESIS OUTLINE 
This thesis is structured as outlined below: 
Chapter 2 provides a detailed review of the relevant literature regarding visual 
anomalies in children and the association between visual skills and academic 
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performance in children. The literature review identified significant knowledge gaps 
in this area and provided a clear framework which guided the design of this research. 
 
Chapter 3 describes the school and classroom selection and recruitment procedures 
for Study 1, the development of the observation protocol employed and an overview 
of the pilot studies conducted to evaluate the final design of the observation protocol 
used in Study 1. 
 
Chapter 4 presents the detailed findings of Study 1, which aimed to estimate the 
visual demands imposed upon children within modern primary school classrooms. 
The implications of the results for eye care practitioners and school authorities are 
discussed, as well as the strengths and limitations of this study. 
 
Chapter 5 presents the general experimental design and protocol, participant 
recruitment, vision screening procedures, inclusion criteria and academic-related 
outcome measures used for all the simulation experiments in Study 2. In addition, the 
results of the first simulation experiment (Experiment 2a: bilateral hyperopia 
simulation) are presented. The following two chapters present the results and 
discussion of Experiment 2b: simulated hyperopic anisometropia (Chapter 6) and 
Experiment 2c: simulated bilateral astigmatism (Chapter 7). The discussion and 
implications of the findings of each experiment are also presented in the relevant 
chapters. 
 
Finally, Chapter 8 summarises the major findings of all the studies included in this 
thesis and includes recommendations for future research. 
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Chapter 2: Literature Review 
This chapter provides a review of the relevant literature regarding visual anomalies 
in children and how they may impact upon school or academic performance, in order 
to identify significant gaps in knowledge in this area and to provide a clear 
framework for the design of the studies included in this thesis. Firstly, a summary of 
current literature regarding refractive errors and binocular dysfunctions in children is 
provided.  As the main focus of this thesis was to investigate the visual demands in 
modern classroom (21
st
 century) settings and determine how common visual 
anomalies in children may reduce their capacity to meet these demands, only 
prevalence studies published between 2000 and 2014 were included. This is followed 
by an extensive review of the literature on the relationship between visual skills and 
academic performance and the limitations of this research. Collectively this review 
provides the basis for undertaking the research included in this thesis. 
 
2.1  EMMETROPISATION IN CHILDREN 
Emmetropisation is a systematic process during which the major refractive elements 
of the eye (the cornea and crystalline lens) flatten in a coordinated manner with 
childhood axial elongation in order to achieve emmetropia, which is a refractive 
condition where distant objects are focussed on the retina during relaxed 
accommodation (Troilo, 1992). The refractive error distribution in infants at birth is 
normally distributed, peaking between 2.00 to 3.00 D of hyperopia, with this 
magnitude decreasing rapidly within the first year of life (Saunders et al., 1995). By 
the age of 4 to 6 years, the distribution of refractive error becomes leptokurtic with a 
peak at emmetropia or low hyperopia, indicating that the majority of children have 
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undergone emmetropisation during this period to achieve minimal refractive error 
(Wood et al., 1995). 
 
The precise mechanisms regulating the emmetropisation process remain unclear, but 
studies of animals and humans suggest both passive and active processes as 
contributing factors (Troilo, 1992; Wildsoet, 1997). Passive emmetropisation refers 
to genetic determinants of normal eye growth, while the active processes refer to the 
impact of visual experience on eye growth (Saunders et al., 1995). Any disruption to 
normal visual experience early in life may potentially interrupt emmetropisation 
leading to abnormal eye growth and the development of refractive errors such as 
myopia, hyperopia, astigmatism or anisometropia (Yackle & Fitzgerald, 1999). 
 
2.2  REFRACTIVE ERROR 
Uncorrected refractive error is the second leading cause of treatable vision loss (after 
cataract) in the general population (Dandona & Dandona, 2001). In recent years, 
numerous studies have reported the prevalence of refractive errors in school children 
(Dandona et al., 2002; Giordano et al., 2009; Goh et al., 2005; He et al., 2004; Ip et 
al., 2007; Jamali et al., 2009; Zhao et al., 2000). Reducing the prevalence of 
uncorrected refractive errors is also included as one of the priorities in the VISION 
2020 (Right to Sight) initiative of the World Health Organisation (Schneider et al., 
2010).  
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2.2.1  Hyperopia 
Hyperopia is a refractive condition in which rays of light from infinity focus behind 
the retina. Common symptoms of hyperopia include difficulty in maintaining clear 
focus on near objects, asthenopia, fatigue and headaches following sustained close 
work (Grosvenor, 1996). However, with a sufficient amount of accommodation, 
which is readily available in children, visual acuity is normally unaffected in 
hyperopia. Distance visual acuity screening is consequently less effective in 
identifying hyperopia in children compared to other refractive errors (Leone et al., 
2010; O'Donoghue et al., 2012). The reported prevalence of hyperopia in school 
children varies widely between studies, ranging from 0.4% to 23.8%, as shown in 
Table 2-1, and depends on the definition of hyperopia, the age of children studied, 
geographic location and measurement methods used (with or without cycloplegia). A 
lower prevalence of hyperopia is associated with older age, a more stringent 
definition of hyperopia and non-cycloplegic assessment techniques. Importantly, the 
definition of clinically meaningful hyperopia is poorly defined. While some 
clinicians consider +2.00 D to be a moderate level of hyperopia in school-aged 
children (Fotedar et al., 2007; Ip et al., 2008), others suggest that < +3.00 D is a 
relatively insignificant or low level of hyperopia (O'Donoghue et al., 2010; Robaei et 
al., 2005b). 
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Table 2-1: Hyperopia prevalence in children (studies published between 2000-2014, sorted by the definition of hyperopia). 
 
Study Country Ethnicity N 
Age 
(years) 
Definition of 
hyperopia (D) 
Measurement technique 
Prevalence 
(%) 
Kleinstein et al. (2003) USA Caucasian 2523 5-17 SER ≥ 1.25 Cycloplegic autorefraction 12.8 
Zadnik et al. (2003) USA Caucasian 2583 6-14 SER ≥ 1.25 Cycloplegic autorefraction 8.6 
Donnelly et al. (2005) UK Caucasian 1582 8-9 SER ≥ 1.50 Cycloplegic refraction 2.2 
Junghans et al. (2005) Australia Caucasian 1936 4-12 SER ≥ 1.50 Non-cycloplegic retinoscopy 6.2 
Murthy et al. (2002) Urban India Asian 6447 5-15 SER ≥ 2.00 Cycloplegic retinoscopy 7.7 
Dandona et al. (2002) Rural India Asian 3976 7-15 SER ≥ 2.00 Cycloplegic retinoscopy 0.4 
He et al. (2004) Urban China Asian 4347 5-15 SER ≥ 2.00 Cycloplegic retinoscopy 5.8 
Goh et al. (2005) Malaysia Asian 4634 7-15 SER ≥ 2.00 Cycloplegic autorefraction 1.6 
He at al. (2007) Rural China Asian 2454 13-17 SER ≥ 2.00 Cycloplegic autorefraction 1.2 
Fotedar et al. (2007) Australia Caucasian 2233 12 SER ≥ 2.00 Cycloplegic autorefraction 3.5 
Ip et al. (2008) Australia Caucasian 2353 11-14 SER ≥ 2.00 Cycloplegic autorefraction 5.0 
Giordano et al. (2009) USA Caucasian 416 5-6 SER ≥ 2.00 Cycloplegic autorefraction 23.8 
Jamali et al. (2009) Iran Asian 815 6 SER ≥ 2.00 Cycloplegic retinoscopy 20.7 
*SER – Spherical equivalent refraction
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2.2.2  Myopia 
Myopia is a refractive condition where parallel rays of light from a distance target 
are focussed in front of the retina in a non-accommodating eye. Signs and symptoms 
of myopia include blurred distance vision, eye rubbing and squinting (Grosvenor, 
1996). Children with uncorrected myopia are much more easily screened for and 
identified than hyperopic children, given that myopia can be relatively easily 
detected through measures of unaided distance visual acuity (as accommodation does 
not improve unaided distance vision), which are typically conducted in school vision 
screenings (Leone et al., 2010; O'Donoghue et al., 2012). As for hyperopia, the 
prevalence of myopia varies between studies depending on the population age, 
geographic location, definitions and measurement techniques used, as shown in 
Table 2-2. Geographic variation appears to have a major influence on the reported 
prevalence of myopia, with a significantly higher prevalence in Asian children 
compared to Caucasian populations.  
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Table 2-2: Myopia prevalence in children (studies published between 2000-2014, sorted by the definition of myopia and ethnicity of 
population studied). 
 
Study Country Ethnicity N 
Age 
(years) 
Definition of 
myopia (D) 
Measurement technique 
Prevalence 
(%) 
Dandona et al. (2002) Rural India Asian 3976 7-15 SER ≥ -0.50 Cycloplegic retinoscopy 4.1 
Murthy et al. (2002) Urban India Asian 6447 5-15 SER ≥ -0.50 Cycloplegic retinoscopy 7.4 
He et al. (2004) Urban China Asian 4347 5-15 SER ≥ -0.50 Cycloplegic retinoscopy 35.1 
Goh et al. (2005) Malaysia Asian 4634 7-15 SER ≥ -0.50 Cycloplegic autorefraction 20.7 
He et al. (2007) Rural China Asian 2454 13-17 SER ≥ -0.50 Cycloplegic autorefraction 42.4 
Jamali et al. (2009) Iran Asian 815 6 SER ≥ -0.50 Cycloplegic retinoscopy 1.7 
Zadnik et al. (2003) USA Caucasian 2583 6-14 SER ≥ -0.50 Cycloplegic autorefraction 10.1 
Junghans et al. (2005) Australia Caucasian 1936 4-12 SER ≥ -0.50 Non-cycloplegic retinoscopy 8.4 
Fotedar et al. (2007) Australia Caucasian 2233 12 SER ≥ -0.50 Cycloplegic autorefraction 9.8 
Donnelly et al. (2005) UK Caucasian 1582 8-9 SER ≥ -0.75 Cycloplegic refraction 1.3 
*SER – Spherical equivalent refraction 
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2.2.3  Astigmatism 
Astigmatism is also a common refractive condition in children and can manifest as 
an individual refractive error or coexist with other spherical refractive errors (Robaei 
et al., 2005b). The classification of astigmatism is usually based on the orientation of 
the negative correcting cylinder axis as being either with-the-rule (WTR, axis 0 or 
180 ± 30°), against-the-rule (ATR, axis 90 ± 30°) or oblique (axis between 30-60 or 
120-150°) (Kobashi et al., 2012). The prevalence of astigmatism in children varies 
from 2.3% to 42.7%, as shown in Table 2-3. As for hyperopia and myopia, the 
prevalence of astigmatism varies between different studies dependent upon the 
threshold used for defining meaningful levels of astigmatism, measurement 
technique (retinoscopy or autorefraction), age and the ethnicity of the study 
population (Read et al., 2014). A higher prevalence of astigmatism is seen in Asian 
populations which could be attributed to the reported association between 
astigmatism and myopia (Heidary et al., 2005; Tong et al., 2002), which is common 
in this population. The definitions of astigmatic refractive error used in previous 
studies vary from 0.75 up to 1.50 D. 
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Table 2-3: Astigmatism prevalence in children (studies published between 2000-2014, sorted by the definition of astigmatism). 
 
Study Country Ethnicity N 
Age 
(years) 
Definition of 
astigmatism (D) 
Measurement technique 
Prevalence 
(%) 
Dandona et al. (2002) Rural India Asian 3976 7-15 ≥ 0.75 
Cycloplegic retinoscopy 3.8 
Cycloplegic autorefraction 9.7 
Murthy et al. (2002) Urban India Asian 6447 5-15 ≥ 0.75 
Cycloplegic retinoscopy 7.0 
Cycloplegic autorefraction 14.6 
He et al. (2004) Urban China Asian 4347 5-15 ≥ 0.75 
Cycloplegic retinoscopy 33.6 
Cycloplegic autorefraction 42.7 
Goh et al. (2005) Malaysia Asian 4634 7-15 ≥ 0.75 
Cycloplegic retinoscopy 15.7 
Cycloplegic autorefraction 21.3 
Fotedar et al. (2007) Australia Caucasian 2233 12 ≥ 0.75 Cycloplegic autorefraction 6.4 
He et al. (2007) Rural China Asian 2454 13-17 ≥ 0.75 Cycloplegic autorefraction 25.3 
Jamali et al. (2009) Iran Asian 815 6 ≥ 0.75 Cycloplegic retinoscopy 19.6 
Donnelly et al. (2005) UK Caucasian 1582 8-9 ≥ 1.00 Cycloplegic refraction 2.3 
Giordano et al. (2009) USA Caucasian 416 5-6 ≥ 1.50 Cycloplegic autorefraction 24.3 
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2.2.4  Anisometropia 
Anisometropia is defined as a difference in refractive error between the fellow eyes 
and is often associated with the development of amblyopia in children (Barrett et al., 
2013). Despite not necessarily affecting binocular visual acuity, uncorrected 
anisometropia has been related to symptoms such as eyestrain, headaches, 
intermittent blur and diplopia, and reduced depth perception (Grisham & Simons, 
1986; Walline & Carder, 2012). The reported prevalence of anisometropia differs 
between studies depending on the definition used and the age of population studied 
as shown in Table 2-4. Common methods used to calculate the level of 
anisometropia include the between eye difference in; the spherical or cylindrical 
refractive error, the spherical equivalent or the refraction along one meridian. 
Clinically significant anisometropia is generally defined as an interocular difference 
in refractive error of ≥ 1.00 D (Dobson et al., 2008), given that 1.00 D or more of 
uncorrected hyperopic anisometropia may lead to amblyopia (Weakley & David, 
2001). 
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Table 2-4: Anisometropia prevalence in children (studies published between 2000-2014, sorted by the year of publication). 
 
Study Country Ethnicity N 
Age 
(years) 
Definition of 
anisometropia (D) 
Measurement technique 
Prevalence 
(%) 
Tong et al. (2004) Singapore Asian 1979 7-9 
SER ≥ 1.00 
Cycloplegic autorefraction 
3.8 
SER ≥ 2.00 1.0 
Shih et al. (2005) Taiwan Asian 10878 7-18 
SER ≥ 1.00 
Cycloplegic autorefraction 
9.3 
SER ≥ 2.00 3.0 
Huynh et al. (2006) Australia Caucasian 1765 6 
SER ≥ 1.00 
Cycloplegic autorefraction 
1.6 
SER ≥ 2.00 0.5 
Giordano et al. (2009) USA Caucasian 416 5-6 
SER ≥ 1.00 
Cycloplegic autorefraction 
4.5 
SER ≥ 2.00 0.5 
Jamali et al. (2009) Iran Asian 815 6 SER ≥ 1.00 Cycloplegic retinoscopy 2.2 
Hashemi et al. (2011) Iran Asian 808 5-15 
SER ≥ 1.00 
Cycloplegic refraction 
3.8 
SER ≥ 2.00 0.8 
O'Donoghue et al. (2013) Ireland Caucasian 
389 6-7 
SER ≥ 1.00 Cycloplegic autorefraction 
8.5 
661 12-13 9.4 
*SER – Spherical equivalent refraction 
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2.2.5  Refractive amblyopia 
Moderate to high levels of uncorrected refractive error that persist throughout the 
plastic period of visual development (when the visual system is still developing and 
is susceptible to change) may degrade retinal image quality and subsequently lead to 
the development of refractive amblyopia (Webber & Wood, 2005). Both bilateral and 
unilateral refractive errors have been reported to be important risk factors for 
amblyopia (Barrett et al., 2013), with unilateral refractive amblyopia being more 
prevalent compared to bilateral refractive amblyopia; 34% and 6% respectively of 
the total number of amblyopic children diagnosed (Robaei et al., 2006c). 
 
Bilateral amblyopia develops as a result of approximately equal amounts of moderate 
to high uncorrected refractive error, which cause a bilateral reduction in visual 
acuity. Hyperopia > 4.00 D, myopia > 6.00 D and astigmatism > 2.50 D have been 
suggested as levels of bilateral refractive errors that could potentially lead to bilateral 
amblyopia (Robaei et al., 2006c). This type of amblyopia is more commonly seen in 
children with high levels of hyperopia rather than myopia as the retinal image is 
degraded during both distance and near viewing (American Optometric Association, 
2008b). 
 
In contrast, unilateral amblyopia develops in the presence of monocular retinal image 
degradation (in the more ametropic eye) due to significant asymmetric refractive 
error. Interocular differences of > 2.00 D hyperopia, > 3.00 D myopia and > 1.50 D 
astigmatism have been suggested as potential amblyogenic risk factors in children 
(American Academy of Ophthalmology Pediatric Ophthalmology/Strabismus Panel, 
2012). However, amblyopia may also develop in the presence of hyperopic 
anisometropia as low as 1.00 D (Weakley & David, 2001). Hyperopic or astigmatic 
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anisometropia lead to the development of amblyopia more often than myopic 
anisometropia (Donahue, 2005) and the severity of amblyopia is associated with the 
magnitude of anisometropia (Leon et al., 2008; Weakley, 1999). 
 
Moderate to high levels of uncorrected astigmatism (2.00 – 3.00 D) result in retinal 
defocus along one meridian and may lead to development of meridional amblyopia 
during visual development (Mitchell et al., 1973). The magnitude and orientation of 
the astigmatism contribute to the magnitude of the amblyopia, with oblique 
astigmatic refractive errors (axis 30-60º, 120-150º) being more amblyogenic than 
WTR or ATR astigmatism (Abrahamsson & Sjöstrand, 2003).  
 
In summary, uncorrected refractive errors are common in school-aged children (up to 
40%), but the prevalence of amblyopia is relatively low (1% to 4%) (Robaei et al., 
2006c), suggesting that the majority of school-aged children have low magnitude, 
non-amblyogenic levels of refractive error. The reported prevalence of refractive 
errors varies between individual studies depending on a range of factors including 
the age of children, ethnicity, definition of refractive error and measurement 
technique used. While uncorrected moderate refractive error is an important risk 
factor for the development of amblyopia, lower levels of uncorrected refractive 
errors may potentially impact upon functional abilities such as learning or academic 
performance.  
 
2.3   BINOCULAR VISION DYSFUNCTIONS 
Non-strabismic binocular vision disorders, which include accommodation and 
convergence dysfunctions, are also common in school children (Abdi & Rydberg, 
2005; Borsting et al., 2003; Shin et al., 2009). These binocular disorders are diverse 
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and their classification is complex, often requiring a battery of tests to be 
administered in order to make an accurate diagnosis. A number of guidelines are 
available to categorise these diverse anomalies, including the Duke-Elder 
classification system for accommodation anomalies and the Modified Duane‘s 
classification system for convergence anomalies (American Optometric Association, 
2010; Scheiman & Wick, 2008). According to these guidelines, accommodation 
anomalies can be categorised into four separate groups (accommodation 
insufficiency, ill-sustained accommodation, accommodation infacility and 
accommodation excess) while vergence anomalies may be further subdivided into 
eight different groups (convergence insufficiency, convergence excess, fusional 
vergence dysfunctions, divergence insufficiency, divergence excess, basic exophoria, 
basic esophoria and vertical deviations). Of these various dysfunctions, convergence 
insufficiency (2 to 33%) and accommodative insufficiency (2 to 62%) are the most 
prevalent in both adult and paediatric populations (Cacho-Martínez et al., 2010). A 
number of symptoms may be associated with binocular vision anomalies, including 
blurred vision, headaches, ocular discomfort, diplopia and loss of concentration, all 
of which may impact on near work performance, particularly when near fixation 
needs to be sustained for long periods of time (American Optometric Association, 
2010). There are wide discrepancies in the reported prevalence of binocular 
dysfunctions in previous studies, which are likely to result from the lack of 
uniformity of the diagnostic criteria used to define binocular vision parameters as 
shown in Table 2-5.  
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Table 2-5: Prevalence of non-strabismic binocular dysfunctions in children (studies published between 2000-2014, sorted by the year of 
publication). 
 
Study N 
 
Country 
  
Age (years) Dysfunction Diagnostic criteria 
Prevalence 
(%) 
Junghans et al. (2002) 1845 
 
Australia 
 
3-12 BV anomalies 
Failing one of the four binocular vision parameter assessments:  
● NPC >10cm 
● heterophoria: phoria shift from distance to near ≥4∆ 
● stereopsis ≥80 seconds of arc 
● accommodative facility  <7cpm 
39.2 
Borsting et al. (2003) 392 
 
USA 
 
8-15 
CI 
2 or more of the following clinical signs: 
● Greater exophoria at near than distance (≥ 4 D) 
● PFV at near ≤ 7 D break or 3 D recovery or fails Sheard‘s criteria. 
● NPC receded: > 6 cm. 
12.7 
AI 
Amplitude of accommodation 2 D below Hofstetter‘s minimum age 
formula: 15-0.25*(age) 
10.5 
Abdi & Rydberg (2005) 120 
 
Sweden 
 
6-16 
CI 
Mild CI: NPC of 10-14 cm 10.8 
Moderate CI: NPC of 15-19 cm 3.3 
Marked CI: NPC of 20-25 cm 4.2 
AI 
Mild AI: NPA: 10-15 cm 37.5 
Moderate AI: NPA: 16-20 cm 22.5 
Marked AI: NPA > 21-25 cm 1.7 
Shin et al. (2009) 114 
 
South Korea 
 
9-13 
CI 
● Moderate to high exophoria at near, > 6 ∆ 
● Exophoria at near is greater than far, ≥ 4 ∆ 
● Receded near point of convergence, ≥ 6 cm for break point 
● Reduced positive fusional vergence at near 
● Low calculated AC/A ratio, < 3/1 
● Fails binocular accommodative facility with +2.00 D, ≤ 2.5 CPM 
● Low NRA, ≤ 1.50 D 
29.3 
AI 
● Reduced amplitude of accommodation, at least 2 D below 
   Hofstetter‘s minimum age formula: 15-0.25*(age) 
● Fails monocular accommodative facility with - 2.00 D, ≤ 4.5 CPM 
● Fails binocular accommodative facility with - 2.00 D, ≤ 2.5 CPM 
● Low PRA, ≤ 1.25 D 
18.3 
 
BV - binocular vision, CI - convergence insufficiency,  AI - accommodative insufficiency,  PFV – positive fusional vergence, NPC – near point of convergence, 
NPA – near point accommodation, CPM – cycles per minute,  NRA – negative relative accommodation, PRA – positive relative accommodation
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2.4  CONCLUSION 
The studies described in Sections 2.2 to 2.3 suggest that a variety of vision anomalies 
affect a sizeable proportion of school-aged children (up to 40%, depending on the 
type of the visual anomaly), and that these anomalies encompass a wide range of 
visual parameters. Not all of these visual problems will result in a reduction in visual 
acuity, and therefore may remain undetected by traditional vision screening 
techniques, which usually focus on high contrast distance visual acuity assessment.  
Although a large body of evidence exists regarding the prevalence of visual 
anomalies in children, the data indicating how and at what level these anomalies 
impact on a child‘s academic performance is inconclusive. This issue has resulted in 
inconsistencies regarding the strategies adopted to manage common non-
amblyogenic visual problems in children, such as low levels of uncorrected refractive 
errors and non-strabismic binocular vision dysfunctions. 
 
2.5   VISION AND ACADEMIC PERFORMANCE 
A number of visual factors have been associated with learning-related problems 
including reduced visual acuity (O‘Grady, 1984; Ygge et al., 1993), uncorrected 
refractive error (Grisham & Simons, 1986), sub-optimal visual efficiency (Simons & 
Grisham, 1987) and poorly developed visual information processing skills (Chen et 
al., 2011; Kulp, 1999). In these studies, visual efficiency refers to processes such as 
accommodation, vergence and ocular motility, while visual information processing 
refers to a wide range of skills such as visual spatial, visual analysis (also known as 
visual perceptual skills) and visual motor integration, that are required for 
interpreting and understanding visual information (American Optometric 
Association, 2008a). 
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The nature of the visual demands in school classrooms is likely to differ depending 
on the age of the child (Borsting & Rouse, 1994; Simons, 1993). Two different 
stages of learning have been proposed: ‗learning to read‘ and ‗reading to learn‘ 
(Bonilla-Warford & Allison, 2004; Scheiman & Rouse, 2006). The ‗learning to read‘ 
stage involves larger print sizes and shorter words which are relatively widely spaced 
for younger children. During this early learning stage, reading is conducted for 
shorter periods of time and involves less cognitive-based information processing. In 
this stage of learning, the emphasis is more on visual form perception and visual 
discrimination, which are required to learn the skills necessary for reading (Flax, 
2006). The ‗reading to learn‘ stage places more emphasis on prolonged reading and 
sustained attention in older children. Learning tasks in this phase involve rapid and 
repeated changes in accommodation and controlled eye movements (Flax, 2006). 
Thus, this stage requires good oculomotor control and binocular vision, as more 
importance is placed on the ability to extract information from reading rather than on 
learning reading skills (Borsting & Rouse, 1994). However, the proposed models that 
describe the different stages of learning are not necessarily based on evidence from 
well-designed studies. 
 
Despite many authors alluding to the role of vision in school and academic-related 
performance (American Optometric Association, 2008a; Borsting & Rouse, 1994; 
Garzia, 2006; Ihekaire & Anyanwu, 2012), there is no general consensus regarding 
this issue. This may arise because the majority of relevant evidence is derived from 
poorly designed studies, as well as a lack of information regarding the specific 
demands of classroom activities on the visual system of the child. A preliminary 
observational study involving eleven classrooms from four schools in the USA (Ritty 
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et al., 1993) showed that children in Grades 4 and 5 (ages 9 to 11 years) spend about 
four to five hours per day on academic activities, including distance work (observing 
demonstrations by the teacher), near work (reading and writing) and distance to near 
work (copying from the blackboard). In this study, reading and writing constituted 
54% of the total time allocated to learning activities, with students engaged in near 
work for an average of 16 minutes at a time. Sustained visual attention for distance 
tasks was also required for approximately 7 minutes at a time. However, this study 
was conducted over 20 years ago and is unlikely to fully reflect the current demands 
of modern school classrooms, which employ a range of new technologies such as 
computers and smart boards. In addition, a single study of a small number of schools 
may not reflect classroom environments and school curriculums more generally.  
 
More recently, Langford and Hug (2010) examined both the distance and near visual 
acuity demands in primary school classrooms in the USA. They evaluated one class 
from each grade in a single school, from kindergarten to fifth grade (children aged 5 
to 11 years), measuring the distance from the white board to the centre of the first 
and last rows of student desks. The vertical letter height of randomly chosen 
classroom materials from the board (to represent typical distance tasks) and printed 
books or handouts (to represent near tasks) were also measured to calculate the 
equivalent visual acuity demands. An increase in the visual acuity demand (both 
distance and near) was observed with increasing grade level, with the distance acuity 
demand always being greater than near for every grade. This increase in visual acuity 
demand as children progress through higher grade levels is likely to reflect the 
increase in the furthest distance a student is seated from the board and the decrease in 
the text size of the learning materials. This study, however, only assessed threshold 
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acuity levels for a limited series of classroom tasks, while omitting the role of many 
other important visual functions, such as contrast sensitivity, accommodation-
vergence demand and oculomotor skills. These additional visual factors are widely 
considered to impact on aspects of learning in school (American Optometric 
Association, 2008a; Ritty et al., 1993). 
 
The relationship between vision and academic achievement has long been debated, 
and a number of studies have been conducted to explore this relationship. However, 
given that the majority of these studies have been neither well designed nor 
sufficiently powered has meant that there is a lack of strong evidence in this area. 
The inconsistencies surrounding the link between vision and academic performance 
can also be largely attributed to fundamental differences in study designs, sample 
populations and differences in the definition and nature of the outcome measures 
used (Scheiman & Rouse, 2006). The following section summarises studies that have 
investigated the relationship between various visual parameters and educational-
related measures (either academic-related tests or reading performance tests) in 
children.  
 
2.5.1  Visual acuity 
Visual acuity refers to the spatial resolution ability of the visual system for high 
spatial frequencies at a contrast of 90 to 100% (Owsley, 2003). A number of studies 
suggest that distance visual acuity is not a major factor contributing to children‘s 
performance on academic-related measures (Dirani et al., 2010; Helveston et al., 
1985). Helveston et al. (1985) reported that reduced distance visual acuity was not 
associated with reading ability in children from Grades 1 to 3 (ages 6 to 9 years) in 
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the USA. The authors reported an equal distribution of children with ‗abnormal‘ 
visual acuity (defined as worse than 0.3 logMAR) across three different reading 
ability groups (above, average and below) for each grade. However, despite having a 
large sample size, the children in this study were categorised into their respective 
reading groups using the individual teachers‘ perceptions of the children‘s reading 
ability, rather than using a standardised method of grading reading performance. In 
addition, there were different numbers of children in the normal and abnormal visual 
acuity groups, with more than 90% of the children having ‗normal‘ visual acuity. The 
authors also did not report the mean visual acuity of participants in each of the 
groups or perform any statistical analysis of their data.  
 
A lack of association between distance visual acuity and academic ability was also 
reported by Dirani et al. (2010) in a study investigating the relationship between 
various aspects of academic performance (as measured by the nationwide Grade 4 
examinations of language and mathematics proficiency) and habitual distance visual 
acuity in a sample of Grade 3 (beta coefficient, β = 1.98, p = 0.38) and 4 (beta 
coefficient, β = 2.44, p = 0.27) Singaporean children (9 to 10 years of age). However, 
this negative result could be attributed to the lack of variation in visual acuity in the 
sample; Grade 3: 0.10 ± 0.17 logMAR and Grade 4: 0.08 ± 0.17 logMAR. 
 
Conversely, in a study of Grade 2 children, O‘ Grady (1984) observed that ‗reduced‘ 
habitual distance visual acuity (defined as worse than 0.10 logMAR) was 
significantly associated with reduced reading performance (measured with the 
Edwards Diagnostic Reading test). Children in the ‗reduced‘ acuity group had 
significantly lower reading rates compared to the ‗normal‘ group (42 ± 24 and 75 ± 
 24 Chapter 2: Literature Review 
46 words per minute respectively, p<0.001). In a more recent study, Chen et al. 
(2011) reported a significant association between distance visual acuity and 
academic achievement in a sample of Grade 2 children. A significantly greater 
number of low academic performers (children obtaining less than 50% on school-
based examinations) failed the distance visual acuity test (worse than 0.20 logMAR) 
compared to children in the average and above average groups; 12% and 4% 
respectively (p = 0.001). The authors suggested that this association may be 
attributed to the fact that the majority of classroom teaching in these two studies may 
have been biased towards information being presented on the blackboard, which 
requires good distance visual acuity; however, the teaching methodologies used were 
not described. 
 
Based on the studies reviewed above, there are inconsistencies regarding the 
relationship between distance visual acuity and academic ability. The lack of any 
obvious association may be a result of including a large proportion of children with 
good visual acuity compared to those with poorer visual acuity. Some studies have 
shown an association, however the strength of the findings may be weakened by 
methodological limitations, in particular, the use of non-standardised methods to 
measure academic performance. There was also variability between studies in 
determining the cut-off criteria to define ‗poor‘ or ‗reduced‘ visual acuity. These 
studies also did not control for potential confounding factors such as intelligence 
quotient (IQ). In addition, near visual acuity was not considered in the majority of 
these studies, even though near vision tasks constitute a major portion of children‘s 
classroom activities. Indeed, the only two studies that investigated the potential 
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association between habitual near visual acuity and reading performance (Helveston 
et al., 1985; O‘Grady, 1984) failed to find a significant relationship. 
 
Importantly, these studies also did not take into consideration the visual acuity 
reserve; the ratio between habitual best corrected visual acuity and the acuity demand 
of the visual task (Legge et al., 1985). Visual acuity reserve is important in enabling 
comfortable and fluent reading especially during sustained visual tasks (Whittaker & 
Lovie-Kitchin, 1993). Previous studies have reported that in children with normal 
vision, the near visual acuity reserve requirement varies between 2.5:1 and 8:1 
(Lovie-Kitchin et al., 1994; Lueck et al., 2000). Based on this recommendation, a 
child‘s habitual near visual acuity needs to be at least 2.5 times greater than the 
minimum required level or demand for comfortable sustained performance. 
 
2.5.2   Hyperopia 
A number of studies have reported that uncorrected hyperopia is associated with 
poorer performance on academic-related outcome measures, such as reading ability, 
educational or academic achievement test outcomes and literacy scores (Fulk & 
Goss, 2001; Grosvenor, 1970; Rosner, 1987, 1997; Rosner, 2004; Scheiman & 
Rouse, 2006; Shankar et al., 2007; Stewart‐Brown et al., 1985; Williams et al., 
2005). The link between uncorrected hyperopia and academic-related performance 
may arise because the accommodative-vergence demand required to sustain clear 
focus during near tasks results in symptoms such as asthenopia, intermittent blurring 
of print, headaches and fatigue, which in turn may make it difficult to perform 
efficiently in the classroom (American Optometric Association, 2008b). 
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Rosner and Rosner (1987) found that the prevalence of uncorrected hyperopia ≥ 1.00 
D in a sample of children aged 6 to 12 years old was higher in those with learning 
and reading difficulties than in a control group; 54% and 16% respectively. A 
limitation of this study was the use of school-based examinations; a non-standardised 
measure to categorise children into the respective learning difficulties groups. In a 
later study, Rosner and Rosner (1997) compared refractive error status with 
academic-related measures (using the Iowa Test of Basic Skills) in first to fifth 
graders. They found that children with uncorrected hyperopia of more than 1.25 D 
measured using non-cycloplegic retinoscopy, had significantly lower achievement 
test scores compared to the emmetropic or uncorrected myopic children (p = 0.01), 
with the mean percentile rank for each group being: uncorrected hyperopia (47.34), 
emmetropia (53.37), uncorrected myopia (57.93). However, the participants were not 
screened for any other ocular characteristics (e.g. binocular vision parameters) which 
may have confounded the results. In support of these findings, Williams et al. (2005) 
investigated the relationship between uncorrected hyperopia and standardised 
measures of academic performance in Grade 3 children and suggested that 
uncorrected hyperopia greater than 1.25 D (determined using a +4.00 D fogging lens 
test) was associated with reduced performance (5% lower) on two educational tests – 
the Standardised Achievement tests (SATs) and the National Foundation for 
Educational Research (NFER) Progress in English test. However, the results of this 
study need to be interpreted cautiously as this reduction in performance did not reach 
statistical significance, which the authors attributed to insufficient sample size. 
 
While a positive association between hyperopia and reduced academic performance 
has been reported, no consensus exists regarding the minimum level of uncorrected 
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hyperopia that detrimentally affects reading ability or general academic performance 
in children (Grisham & Simons, 1986; Walton et al., 1978). Survey findings from the 
Orinda study revealed that 50% of practitioners would consider bilateral hyperopia ≥ 
1.50 D as the threshold for referral for further testing during a vision screening 
(Blum, 1959). This was supported by Leat (2011), who recommended that hyperopia 
≥ 1.50 D should be corrected during the school years. Similarly, Cotter (2007) 
suggested that hyperopia ≥ 1.25 D should be corrected in symptomatic children, 
while Ciner (1990) recommended that in children aged five years and above, 
hyperopia ≥ 2.00 D should be corrected. However, these recommendations were 
generally based on lower level evidence such as the collective clinical experience of 
eye care practitioners rather than evidence derived from well-designed studies 
examining the impact of uncorrected refractive errors on educational outcomes. The 
only evidence-based guidelines available are informed by a recent study 
investigating the benefits of low magnitude hyperopia prescription (as low as 0.50 D) 
with regard to reading performance (van Rijn et al., 2014). Full hyperopic 
prescription (even for low level hyperopia) resulted in an improvement in reading 
speed (an increase of 13%) within four to six months following full time spectacle 
wear in children aged 9 to 10 years. 
 
There have also been attempts to empirically determine the magnitude of uncorrected 
hyperopia that is likely to be functionally problematic, but these investigations have 
been restricted to adults. Walton et al. (1978) examined the impact of increasing 
levels of simulated hyperopia in young adults (22 to 31 years) and their performance 
on the Otis Lennon Mental Ability test. A significant decrease in test scores was 
observed with 2.00 D (mean score reduction of 4.7, p<0.01) of hyperopia simulation 
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with a non-significant decrement in performance for 1.50 D (mean score reduction of 
1.5, p>0.05). The authors concluded that uncorrected hyperopia of 1.50 D should be 
considered as the referral point for vision screening purposes, while 2.00 D was 
regarded as the minimum threshold for correction of hyperopia. However, 
participants were not screened prior to inclusion in the study and thus the study did 
not account for other co-existing vision problems, such as binocular vision anomalies 
that may have influenced performance.  
 
Garzia et al.(1989), in a simulation study, showed that 2.00 D of bilateral hyperopia 
caused a significant increase in reading time (an 11% increase, p = 0.03) in visually 
normal adults who were screened prior to participation. However, there was no 
significant change in the reading accuracy score. A repeated measures design was 
used, where reading ability was assessed using a ―cloze‖ procedure (a reading 
comprehension test) under two visual conditions; control (optimal refractive 
correction) and 2.00 D of hyperopia (simulated using minus lenses). The authors 
suggested that the extra time required by the participants to complete the test was a 
consequence of the simulated hyperopia making accurate reading of the text more 
challenging. Importantly, none of the above simulation studies in adults considered 
the possible impact of prolonged near work in the presence of imposed hyperopia. 
This is an important issue given that prolonged near work is an integral component 
of a child‘s activities in school. Theoretically, it has been suggested that uncorrected 
hyperopia may lead to an increase in accommodative-vergence which could 
potentially result in visual fatigue, especially when fixation needs to be sustained for 
long periods; however, the evidence to support this theory has not been established. 
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In summary, while a positive association between uncorrected hyperopia and reduced 
academic ability has been reported by the majority of studies, methodological flaws 
such as inappropriate study designs, inconsistency in defining and quantifying 
reading or academic performance, the use of non-standardised outcome measures to 
measure academic performance and experimental bias (not controlling for potential 
confounding factors such as IQ or socioeconomic status) weakens the strength of the 
findings of these studies. Future studies using repeated measures designs, which can 
control for potential differences between participants, should investigate the impact 
of uncorrected hyperopia on children‘s ability to perform academic-related tasks. 
Such studies should also include standardised outcome measures which reflect the 
tasks commonly performed by children in school. This will inform better 
management approaches for hyperopic children, especially with regards to their 
academic performance. 
 
2.5.3   Myopia  
Myopia (either corrected or uncorrected) has been reported to have the opposite 
association with measures of academic ability to that of uncorrected hyperopia, being 
related to higher levels of intelligence scores, reading ability and academic-related 
outcome measures (Grosvenor, 1970; Mutti et al., 2002a; Young, 1970). One 
explanation for this could be that less accommodative effort is required by those with 
uncorrected myopia; therefore these children are better suited for sustained near 
activities compared to those with uncorrected hyperopia (Simons & Gassler, 1988). 
Another possible explanation is that uncorrected myopic children are less likely to 
participate in activities which require clear distance vision. Therefore, these children 
may spend more time engaged in near activities such as reading which leads to the 
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acquisition of better reading skills and academic abilities (Simons & Gassler, 1988). 
While there is evidence of an association between myopia and near work activity 
(Goss, 2000; Mutti et al., 2002b; Saw et al., 2002), the hypotheses concerning 
myopia and academic performance in children are not supported by evidence from 
well-designed studies. 
 
Grosvenor (1970) reported that IQ scores were significantly higher in myopes 
compared to hyperopes in a sample of 11 to 13 year old children (9% higher, 
p<0.05). However, the difference was only apparent for a ‗verbal‘ IQ test (the Otis 
Self-Administered test) but not for ‗non-verbal‘ testing (the Raven matrix test). 
Grosvenor (1970) suggested that reading ability differs between myopes and 
hyperopes (myopes being better at reading) rather than IQ as the verbal tests that 
constitute the IQ score depend on both reading and language skills. The Avon 
Longitudinal Study of Parents and Children (ALSPAC) in the United Kingdom also 
showed an association between verbal IQ (measured using the Wechsler Intelligence 
Scale for Children (WISC) III test) and myopia in 11 year old children (Williams et 
al., 2008). Children ranked in the highest quartile for the verbal IQ test were more 
likely to be myopic (odds ratio: 2.12, p = 0.02), however, this trend was not observed 
for non-verbal IQ scores, suggesting that it could be due to a difference in reading 
ability rather than IQ. In a large scale study, the Singapore Cohort Study of the Risk 
Factors for Myopia (SCORM), an association between non-verbal IQ (assessed using 
the Raven Matrix test) and myopia was also observed (Saw et al., 2004). Children in 
the highest quartile for non-verbal IQ scores had the highest prevalence of myopia 
(68%, odds ratio: 2.4, p<0.001). However, it was not reported whether the children 
included were corrected or uncorrected myopes, which is a significant limitation of 
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all of the relevant studies. An important issue highlighted here is that IQ could be a 
potential factor leading to experimental bias when investigating the association 
between visual factors and learning ability; an issue that was not addressed by many 
previous studies (Bonilla-Warford & Allison, 2004).  
 
2.5.4   Astigmatism 
Astigmatism is another relatively common refractive error in primary school children 
(Robaei et al., 2005b), however, the empirical evidence concerning the relationship 
between uncorrected astigmatism and academic performance in children is limited 
and derived from a range of different study designs. Eames (1948) found no 
significant difference in the prevalence of astigmatism (> 1.00 D) in ―reading 
disabled‖ children compared with an age and IQ matched control group (7% and 5% 
respectively) but did not elaborate on the specific criteria used to classify children as 
―reading disabled‖. In contrast, Garber (1981) observed significantly lower reading 
scores (17 % lower, p = 0.024) in uncorrected astigmatic (≥ 2.00 D) Navajo Indian 
school children, a population known to have a high prevalence of astigmatism, 
compared to non-astigmatic children of the same ethnic group. A significant 
limitation of the latter study was the use of the teacher‘s subjective grading as a 
measure of reading ability, which is non-standardised and may be subject to bias. In 
addition, a causal relationship regarding uncorrected astigmatism and academic 
performance cannot be established.  
 
Although a number of published prescribing guidelines discuss the refractive 
correction of childhood astigmatism, the thresholds specified are primarily designed 
to prevent the development of meridional amblyopia (Bobier, 2007; Farbrother, 
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2008; Harvey et al., 2005). For lower levels of astigmatism which are common in 
children, there is no consensus regarding the minimum level that requires correction 
to ensure optimal visual performance. This may be due to variability in the extent to 
which uncorrected astigmatism impacts functional performance, which has been 
shown to depend upon both the magnitude and orientation of astigmatism in 
simulation studies involving adults (Kobashi et al., 2012; Wills et al., 2012; 
Wolffsohn et al., 2011). Some authors recommend that astigmatism as low as 0.50 D 
should be corrected, particularly if oblique or ATR in orientation (Wutthiphan, 
2005), or if asthenopic symptoms are present (Bennett & Rabbetts, 1998), while 
Congdon et al. (2008) and Leat (2011) both suggest that astigmatism ≥ 0.75 D should 
always be corrected in school children irrespective of symptoms. However, other 
published guidelines suggest that the correction of astigmatic refractive errors 
between 1.00 to 1.50 D may benefit school-aged children (Donahue, 2007). 
Importantly, the above prescribing guidelines (Bennett & Rabbetts, 1998; Congdon 
et al., 2008; Donahue, 2007; Leat, 2011; Wutthiphan, 2005) for lower levels of 
astigmatism in children that are non-amblyogenic, are largely based on lower level 
empirical evidence. 
 
A number of studies have attempted to investigate the minimum level of astigmatism 
that significantly degrades visual or functional performance in adults. Schubert and 
Walton (1968) examined the effect of simulated astigmatism on visual symptoms in 
adults (ages 22 to 47 years) and showed that lower levels of astigmatism (1.00 D) 
produced asthenopic symptoms during a 30 minute near task, which the authors 
suggest could potentially lead to a reduction in sustained reading ability. Sixty-three 
percent of their participants reported subjective blur and spatial distortion while 69% 
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reported headaches following the astigmatic simulation. Similarly, in a study of older 
adults (50 to 69 years), Wolffsohn et al. (2011) reported that simulated astigmatism 
as low as 1.00 D significantly reduced high and low contrast acuity and impaired 
functional performance including reading speed and reading texts on mobile phones 
or computer screens. Visual acuity was shown to reduce by 1.5 lines for every 
dioptre of simulated astigmatism, for both high and low contrast measurements. In 
another study, Wills et al. (2012) investigated the impact of simulated astigmatic 
refractive error of 1.00 and 2.00 D on the reading performance of young adults (18 to 
33 years), using the Discrete Reading Rate test. Simulated astigmatism significantly 
reduced reading speed even at the lower level of astigmatism (1.00 D), particularly 
for smaller text sizes, by up to 24%. It was hypothesised that the decrease in reading 
performance may be a consequence of the reduced resolution resulting from the 
simulated astigmatism. In a more recent study, Casagrande et al. (2014) showed that 
simulated astigmatism as low as 0.75 D impaired reading performance (using The 
Salzburg Reading Desk) in young adults; a reduction of approximately 18% in 
reading speed with 0.75 D of simulated astigmatism. 
 
In addition to the magnitude of astigmatism, the impact of both uncorrected and 
simulated astigmatism on visual and functional performance differs depending on 
axis orientation (Casagrande et al., 2014; Kobashi et al., 2012; Wills et al., 2012; 
Wolffsohn et al., 2011). However, the evidence is conflicting; some studies have 
reported that ATR astigmatism results in a greater reduction in performance for both 
visual acuity and reading parameters (Wills et al., 2012; Wolffsohn et al., 2011), 
others suggest that WTR is more detrimental to performance than ATR (Casagrande 
et al., 2014; Trindade et al., 1997), while other studies have revealed equivalent 
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performance between WTR and ATR astigmatic simulations (Kobashi et al., 2012; 
Ohlendorf et al., 2011b; Remon et al., 2006). In addition, some studies have 
demonstrated that oblique astigmatism (the least common type of astigmatism found 
in children) is most detrimental to visual and functional performance in adults 
compared to WTR and ATR astigmatism (Kobashi et al., 2012). These 
inconsistencies between studies are likely to be a result of differences in the specific 
methodologies employed. These include factors such as the method of astigmatic 
simulation (cylindrical lenses with or without spherical equivalent compensation), 
the functional assessments used as outcome measures (visual acuity, reading or 
driving performance), the age of participants (young or older adults), pupil size 
(natural or artificial) and accommodative control (with or without cycloplegia). 
 
In summary, the available evidence regarding the potential impact of uncorrected 
astigmatism on functional measures has been limited to adults. The majority of these 
previous studies also did not investigate the possible influence of sustained near 
work in the presence of uncorrected astigmatism. Therefore, studies are needed to 
assess the impact of astigmatic blur on functional performance in children, especially 
those related to school performance. Such studies should also include sustained 
school-based near tasks. The findings from these studies will inform better 
management approaches for non-amblyogenic levels of astigmatism in relation to 
academic performance in children. 
 
2.5.5   Anisometropia 
There is limited evidence regarding the impact of uncorrected anisometropia on 
children‘s performance in school. Some authors have reported an association 
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between uncorrected anisometropia and poor academic performance, including 
impaired reading skills (Drasdo, 1970; Eames, 1948, 1964; Norn et al., 1969). It has 
been proposed that uncorrected anisometropia may result in the disruption of 
binocular coordination and potentially lead to visual symptoms such as headaches 
and eyestrain, which may contribute to a reduction in functional performance 
(Grisham & Simons, 1986). However, the mechanisms underlying this association 
have not been fully established. 
 
Eames (1948) reported a significantly higher prevalence of anisometropia (> 1.00 D 
interocular difference) in a cohort of ―reading disabled‖ children (13%) compared to 
an age and IQ matched control group (6%), (p = 0.0001). Similarly, Drasdo (1970) 
observed that the prevalence of anisometropia in a group of  ―poor readers‖ and a 
control group was 26% and 8% respectively, although the difference did not reach 
statistical significance. However, the criteria used to classify children as ―reading 
disabled‖ or ―poor readers‖ were not explained by either author. Eames (1964), in 
another study, reported that a significantly higher proportion of children with 
uncorrected hyperopic anisometropia were below their chronological reading age 
(using the Gates Silent Reading test) compared to a control group (56% and 24% 
respectively, p = 0.002). This study also reported an improvement in the reading 
level of the anisometropic cohort following six months of full time refractive 
correction, however, the educational or statistical significance of this reading 
improvement was not specified. A serious limitation of this early study by Eames 
was the inclusion of amblyopes in the anisometropia group. While the author 
suggested that the correction of anisometropia resulted in improved reading 
performance, other factors such as improved binocular and spatial vision (visual 
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acuity and contrast sensitivity) in the amblyopic children may have also contributed 
to the enhanced reading outcomes. Importantly, the level of refractive difference 
between the eyes used to define anisometropia was also not reported. 
 
Other studies have sought to determine the minimum level of anisometropia that is of 
functional importance, by simulating uncorrected anisometropia in adults.  
Simulation of both myopic and hyperopic anisometropia (spherical and astigmatic) 
as low as 1.00 D degrades binocular vision, as observed by a reduction in stereopsis 
using the Titmus test and the presence of foveal suppression using the Worth-four-
dot test (Brooks et al., 1996; Dadeya & Shibal, 2001; Oguz & Oguz, 1999). Spherical 
anisometropia has a greater impact on binocularity than astigmatic anisometropia due 
to the global blur induced by spherical defocus compared to the meridional blur 
associated with simulated astigmatism (Oguz & Oguz, 1999). However, these studies 
confirmed that gross fusion under more natural conditions (using Bagolini lenses) 
was still intact in the presence of up to 3.00 D of simulated anisometropia.  
 
Overall, the evidence to date is insufficient to draw any definitive conclusions 
regarding the possible impact of uncorrected anisometropia, in particular low levels 
of anisometropia, on academic-related performance in children, which suggests the 
need for further studies to investigate this association. There is also limited evidence 
on the possible impact of uncorrected anisometropia in the presence of prolonged 
near work, which is an important component of learning activities in schools. 
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2.5.6   Binocular vision 
A normally functioning binocular vision system has been proposed to be important 
for school children (Simons & Gassler, 1988), given that a large portion of their 
classroom activities involve near tasks such as reading and writing (Ritty et al., 
1993). The ability to undertake prolonged near vision tasks comfortably is highly 
dependent on achieving binocular single vision (American Optometric Association, 
2010; García-Muñoz et al., 2014). Previous studies have reported a higher prevalence 
of non-strabismic binocular vision anomalies in children with poor reading ability or 
reduced academic performance, which further strengthens the role of the binocular 
vision system in academic performance (Dusek et al., 2010; Grisham et al., 2007; 
Palomo-Alvarez & Puell, 2010; Shin et al., 2009). The detrimental impact of 
binocular vision anomalies on academic performance becomes more significant as 
children progress through the school years, where the transition from the ‗learning to 
read‘ stage to the ‗reading to learn‘ stage occurs. The ‗reading to learn‘ stage 
involves prolonged near work and sustained attention, which places high levels of 
demand on binocular vision (Flax, 2006; Kiely et al., 2001). The following binocular 
vision parameters are considered with respect to academic performance: stereopsis, 
accommodative-vergence function and ocular motility.  
 
2.5.6.1 Stereopsis 
Stereopsis describes the ability to perceive depth or relative distance, which arises 
due to retinal disparity cues (Grosvenor, 1996). It is usually considered to reflect a 
high level of sensory fusion of the information from the two eyes and is mediated at 
a cortical level.  
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An association between stereopsis and aspects of academic achievement has been 
reported in some studies. Kulp (1996b), in a study of kindergarten and first grade 
children, reported that stereoacuity of less than 100 seconds of arc alone (p = 0.03) or 
a Modified Clinical Technique (MCT) failure with stereoacuity of less than 50 
seconds or arc (p = 0.03) was predictive of reduced academic ability, measured using 
the Metropolitan Achievement test, however, the strength of this association was not 
reported. The MCT is a battery of screening tests consisting of visual acuity, cover 
test at distance and near, non-cycloplegic retinoscopy, stereopsis, Hirschberg test, 
colour vision screening and external eye examination. In a later study by Kulp and 
Schmidt (2002), reduced stereoacuity (tested using the Randot stereotest) was shown 
to be significantly and moderately associated with poor performance on academic-
related measures such as reading (r = 0.35, p<0.001), writing (r = 0.40, p<0.001), 
mathematics (r = 0.34, p<0.001) and spelling (r = 0.29, p = 0.048) in children from 
kindergarten through second grade. A limitation of this study was the use of 
teacher‘s grading to assess academic-related outcomes, which is a non-standardised 
measure.  
 
Conversely, Helveston et al. (1985) reported that contour stereoacuity, as measured 
with the Titmus Stereo test, was not indicative of reading ability in Grades 1 to 3 
children, as evaluated by the child‘s reading grade assessed by the classroom teacher. 
There was no difference in the distribution of children with ‗abnormal‘ stereoacuity 
(defined as ≥ 200 seconds of arc) across the three different reading ability groups 
(above, average and below) for each grade. However, the statistical significance of 
this distribution was not reported. In addition, this study applied an arbitrary 
threshold for normal versus abnormal stereoacuity and the teacher‘s grading of 
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performance is a non-standardised measure of reading performance and potentially 
open to bias. The number of children in the normal and abnormal stereoacuity groups 
was also not matched, with more than 95% of the children having ‗normal‘ 
stereoacuity. Similarly, Palomo-Alvarez and Puell (2010) found that stereoacuity 
scores (measured using the Randot stereotest) were not significantly different in 
children aged 8 to 13 for those with poor versus normal reading performance 
(classified using the PROLEC and PROLEC-SE test); 25.2 ± 11.3 and 23.8 ± 8.6 
seconds of arc respectively.  
 
In summary, evidence regarding the impact of reduced stereopsis on academic 
performance in children is conflicting, and no definite conclusions regarding the 
nature of the relationship between stereopsis and academic achievement in children 
can be confidently drawn. 
 
2.5.6.2 Accommodation and vergence  
Accurate accommodation and vergence function is important for the comfortable 
completion of near tasks, especially those that need to be sustained over a period of 
time (American Optometric Association, 2010; García-Muñoz et al., 2014). When 
the accuracy of the accommodation-vergence response cannot be maintained, 
individuals may complain of symptoms such as headaches, blurred vision, fatigue or 
discomfort, diplopia or loss of concentration during or following near tasks (Garzia, 
1996). Significant exophoria at near, more remote near point of convergence, 
reduced accommodative facility, reduced negative and positive relative 
accommodation and reduced fusional vergence reserves are all aspects of 
accommodation-vergence dysfunction that have been shown to impact negatively on 
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aspects of school performance (Grisham et al., 2007; Kulp & Schmid, 1996a; 
Palomo-Álvarez & Puell, 2008, 2009; Shin et al., 2009; Simons & Grisham, 1987).  
 
One common approach for investigating the link between accommodation-vergence 
anomalies and academic-related measures in children has been to examine the 
association between academic ability and a single measure of accommodation or 
vergence function, such as near point of convergence or accommodative facility 
(Kedzia et al., 1999; Morad et al., 2002). However, this approach examines only one 
functional measure, which does not necessarily represent the overall ability of the 
complex accommodation-vergence system. Another approach examines aspects of 
academic ability in children with diagnosed accommodation-vergence dysfunctions 
such as accommodative insufficiency or convergence insufficiency (Borsting et al., 
2003; Grisham et al., 2007). This methodology requires a comprehensive assessment 
of various accommodation and vergence parameters before an accurate diagnosis can 
be made. Therefore, this latter approach may better represent the relationship 
between the overall accommodation-vergence system and academic-related 
measures. 
 
Shin et al. (2009) investigated the impact of accommodative and vergence 
dysfunction on academic-related measures in primary school children. Academic 
performance (assessed using a school achievement test) was compared between 
children with and without accommodation-vergence dysfunctions (determined 
through a comprehensive battery of clinical tests). A significantly lower academic-
related score (11% lower, p<0.001) was demonstrated across all academic areas, 
including reading, mathematics, social science and science among children with 
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accommodation-vergence dysfunctions compared to the control group with normal 
accommodation-vergence function. The authors proposed that assessment of 
accommodation and vergence parameters is pertinent in children with academic 
difficulties.  
 
In another study of kindergarten and first grade children, accommodative facility, a 
measure of the flexibility of the accommodation system determined by testing the 
ability of the eyes to rapidly change focus (Scheiman & Wick, 2008), was found to 
be predictive of reading ability (Kulp & Schmidt, 1996b). In this study, the 
relationship between accommodative facility and reading performance (measured 
using the Metropolitan Achievement 6 Test, as well as the teacher‘s subjective 
assessment) was shown to be more significant as age (p = 0.03) and grade (p = 0.02) 
level increased. However, the use of non-standardised measures of academic ability 
which may be subject to inadvertent bias, such as the teacher‘s subjective assessment 
and the school-administered achievement tests, limit the confidence in any 
conclusions drawn from these findings.  
 
The studies described above provide some support for the suggestion that 
accommodation-vergence dysfunctions relate to measures of academic or reading 
performance, but the exact mechanism underlying this association remains unclear. 
This could be because of the complexity of the accommodation-vergence function, 
comprising a range of components, each of which can impact individually on the 
different types of task demands inherent in a classroom. Additionally, these studies 
may not effectively outline the association between accommodation-vergence 
function and aspects of school performance, as the sustained near work demand 
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placed on children in classrooms was not taken into consideration. Therefore, future 
studies should be designed to incorporate prolonged near work when assessing the 
relationship between accommodation-vergence and academic-related measures in 
children. 
 
The majority of studies outlined here have been correlational in nature. Therefore, it 
has not been possible to establish a causative relationship between accommodative-
vergence anomalies and academic ability. However, there have been some 
experimental studies on adults that have directly evaluated the impact of 
accommodative-vergence stress on functional performance. Ludlam and Ludlam 
(1988) investigated the effects of accommodative-vergence stress (induced using 
prisms) on reading comprehension scores in young adults with a normal binocular 
vision profile. The motor binocular system of the participants was stressed using 
base-in prisms (9∆) and reading comprehension was assessed using the Reading 
Comprehension Subtest of the California Achievement Test (CAT). This study 
showed a significantly lower comprehension score (18% lower, p<0.001) during the 
binocular stress condition as compared to the control (plano lens) condition. 
However, the reason for selecting base-in prism in this study was not justified by the 
authors. Indeed, since base-in prism would not be effective in inducing binocular 
stress in participants with an exo-deviation at near, and given that the habitual near 
heterophoria was not measured, unequal levels of binocular stress are likely to have 
been induced between participants.  
 
Similarly, Garzia et al. (1989) induced accommodative and vergence stress using 
negative lenses (-2.00 D) and showed a significant reduction in reading rate (up to 
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11% lower, p = 0.03) in the presence of accommodative-vergence system stress. 
However, participants were only screened for their visual acuity and accommodation 
amplitude, while other ocular characteristics such as vergence parameters were not 
evaluated which may have confounded the results. Caution must also be used in 
generalising these results to children, as all these studies were conducted on adult 
participants who were experienced readers. Importantly, these studies failed to report 
any changes in accommodation or vergence parameters that might have arisen from 
the induced binocular stress, even though it would have been difficult to precisely 
tease out the relative contribution of accommodation and vergence on the observed 
reduction in functional performance.  
 
2.5.6.3 Ocular motility 
Accurate and efficient oculomotor skills are important for a range of tasks in the 
classroom, including reading and copying from the board (Kulp & Schmidt, 1997; 
Scheiman & Rouse, 2006; Simons & Grisham, 1987). Precise oculomotor control is 
also hypothesised to be relevant for accurate decoding of print while learning to read 
(Scheiman & Rouse, 2006). Two aspects of eye movements which have been 
proposed to be related to reading or academic performance are saccades and fixation 
duration (Kulp & Schmid, 1996a). Saccades are rapid conjugate eye movements 
which bring images onto the fovea (Duckman, 2006), while fixation duration refers 
to the periods when the eyes remain relatively still in order to gather new information 
(Rayner, 2009). Generally it has been shown that eye movement patterns in 
academically underachieving children are characterised by an increased number and 
duration of fixations, shorter saccades and more regressions (right to left saccades) 
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(Pavlidis, 1981; Rayner, 1998). However, it is still unclear whether impaired 
oculomotor skills leads to, or is the result of, reduced academic performance. 
 
In a cross sectional study, oculomotor efficiency of  poor readers from Grades 3 to 5 
(8 to 11 years), was assessed using the Developmental Eye Movement (DEM) test 
(Palomo-Álvarez & Puell, 2009). Children were categorised as poor readers if their 
scores on the PROLEC (for third and fourth grades) or PROLEC-SE (for fifth grade) 
tests fell below the 30
th
 percentile, as determined by the school‘s psycho-educational 
team. The authors reported a higher prevalence of oculomotor skill deficiency, 
defined by a higher mean horizontal time (up to 20 seconds higher) on the DEM test, 
by those children defined as poor readers as compared to published normative data 
from the DEM test for Spanish speakers. This study also showed a significant 
moderate correlation between reading speed and horizontal DEM time (r = 0.53, 
p<0.0001), where children with longer horizontal times demonstrated slower reading 
speeds. While DEM scores do not correlate with quantitative measures of eye 
movements, DEM performance is associated with reading performance and speed of 
visual processing (Ayton et al., 2009). Therefore, it was suggested that the DEM test 
may be a useful diagnostic tool in detecting children with learning-related problems. 
The DEM test is also language dependent, thus the results of non-native English 
speakers on this test should be treated with caution when compared to published 
normative data (Baptista et al., 2011; Pang et al., 2010).  
 
Goldstand et al. (2005) also compared oculomotor function (included as a component 
of visual efficiency) using the visual tracking and saccade subtests of a modified 
version of the MCT between Grade 7 children with and without mild reading 
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problems (defined as deviation from standard normal values of the Tikva Reading 
Test). A significantly (p = 0.036) higher prevalence of oculomotor deficiency was 
observed in children with mild reading problems compared to those without, but the 
exact prevalence rates were not specified. Generalising the findings of this study to 
the broader population is problematic, however, since the participants represent a 
small convenience sample of Grade 7 students from a single school.  
 
2.5.7  Contrast sensitivity 
The ability of the visual system to differentiate between objects and their background 
is known as contrast sensitivity (Pelli & Bex, 2013). The contrast sensitivity function 
(CSF) is important in understanding the functional impact of various ocular 
conditions and diseases (Montés-Micó & Ferrer-Blasco, 2001). While visual acuity 
refers to the spatial resolution ability of the visual system for high spatial frequencies 
at contrast levels of 90 to 100%, the CSF measures sensitivity over a wide range of 
spatial frequencies and contrast levels (Owsley, 2003). Reduced contrast sensitivity 
is also highly correlated to functional disabilities related to mobility, driving and 
reading in adult populations (Rubin et al., 1994; Whittaker & Lovie-Kitchin, 1993; 
Wood, 2002). However, the relationship between contrast sensitivity and aspects of 
academic achievement in children has not been well documented. The majority of 
research concerning contrast sensitivity and academic performance has focussed on 
children with either low vision (irreversible vision loss) or specific learning 
disabilities (which refer to those disorders that impact on one or more of the basic 
learning processes) (Alabdulkader & Leat, 2010; Lovegrove et al., 1980; Ygge et al., 
1993).  
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Lovegrove et al. (1980) reported an association between contrast sensitivity and 
reading ability in children, where contrast sensitivity was compared between a group 
of normal and poor readers (an average lag of five years on the Neale reading test) at 
a range of stimulus durations. The shape of CSF was found to differ between the two 
groups, especially for stimulus durations similar to the duration of fixations while 
reading (150 to 500 milliseconds). The authors suggested that evaluation of contrast 
sensitivity could be an alternative screening method for early detection of children 
with reading problems. In support of this finding, Ygge et al. (1993) compared visual 
function between normal and underachieving Swedish children (an average of two 
years lag in reading level) and reported that children in the underachieving group had 
significantly reduced contrast sensitivity, measured using a near Vistech chart, 
mainly in the low (1.5 and 3.0 c/deg) and high (18 c/deg) spatial frequencies, as 
compared to the normal group. However, the children also had significantly different 
distance and near visual acuity, which would have confounded this finding.   
 
A significant relationship between contrast sensitivity and reading performance was  
also reported by Carmean and Regeth (1990), who investigated the optimum levels 
of contrast sensitivity (using a Vistech chart) required for reading comprehension 
(using the Metropolitan Achievement test) in school children from Grades 2 to 6. 
Children classified as having ―medium contrast sensitivity‖ (a score of five on the 18 
c/deg line) had the highest reading comprehension score. The authors postulated that 
neural parameters such as lateral inhibition or the cognitive aspect of reading may be 
underlying factors that may explain this finding. However, the scoring procedure 
used to categorise children into the respective contrast sensitivity groups (low, 
medium and high) was not well justified.  Another limitation of this study was that 
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the reading comprehension scores, which were obtained from school records, were 
assessed between 2 to 28 months prior to the measurement of contrast sensitivity. 
Therefore, the comprehension scores may not have accurately represented the current 
reading ability of the children.  
 
2.5.8  Visual Information Processing 
Poorly developed visual information processing (VIP) skills, which refer to a group 
of visual cognitive skills used to extract and organise visual input from the 
environment, have been proposed to be associated with poorer learning outcomes 
(Chen et al., 2011). Visual information processing skills are divided into three broad 
categories; visual spatial, visual analysis and visual motor integration (Borsting, 
2006b). Visual spatial skills relate to directional concepts which are important for 
navigating through the environment (differentiating left and right, up and down, front 
and back), while visual analysis skills relate to the ability to recognise, recall and 
organise visual information. Visual motor integration skills are related to the ability 
to coordinate VIP skills with fine motor skills (Borsting & Rouse, 1994). 
 
An association has been reported between VIP skills and educational readiness and 
academic outcomes in children in some studies (Chen et al., 2011; Kulp, 1999; 
Maples, 2003). Kulp (1999) examined the association between visual analysis and 
visual motor integration skills (tested with the Developmental Test of Visual Motor 
Integration) and academic performance in children (kindergarten to third graders). 
Visual analysis and visual motor integration scores were significantly correlated with 
reading (r = 0.38, p = 0.0001), mathematics (r = 0.36, p = 0.0001), spelling (r = 0.25, 
p = 0.01) and writing (r = 0.35, p = 0.0001) performance. In a more recent study, a 
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significant relationship between all three aspects of VIP skills (visual motor 
integration, visual spatial and visual analysis) and academic achievement was 
reported by Chen et al. (2011). In that study, children in Grade 2 were divided into 
two achievement groups based on their school examination results, with a below 
50% score considered to be low performance. A higher failure rate was observed 
among children with low academic performance compared to a control group on all 
aspects of VIP skills, which were assessed using a battery of tests; the Test of Visual 
Perceptual Skills (12% higher, p<0.001), the Gardner Reversal Frequency test (25% 
higher, p<0.05) and the Wold Sentence Copying test (27% higher, p<0.001). 
However, this study used school-based examination results to categorise children 
into the respective achievement groups, which may vary between schools and 
potentially lead to bias. Additionally, the effect of confounding factors such as IQ 
was not considered. 
 
Conversely, Goldstand et al. (2005) found no association between VIP skills and 
reading performance. Seventy one Grade 7 children were classified as either 
proficient or non-proficient readers using the Tikva Reading test and the Altalef 
Reading Screening test, and were compared on their performance of visual motor 
integration, tested using the Developmental Test of Visual Motor Integration (VMI). 
The authors suggested that the negative finding could be due to the fact that children 
in this sample (Grade 7 students) were beyond the ‗learning to read‘ stage. It has 
been proposed that VIP skills play a more significant role in the learning process of 
younger children (kindergarten to Grade 2) in the ‗learning to read‘ phase as 
compared to older children in the ‗reading to learn‘ stage (Flax, 2006). 
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In summary, despite the presence of some conflicting outcomes, the weight of 
evidence supports a relationship between VIP skills and aspects of academic-related 
performance in children, even though the underlying nature of this relationship 
remains unclear. This suggests that VIP skills evaluation may be important in 
children suspected of learning-related problems.        
 
2.5.9  Colour Vision 
Colour vision deficiency (CVD) has a reported prevalence of 8% in males and 0.4% 
in females of Caucasian ethnicity (Birch, 1998). Interestingly, the majority of adults 
with CVD are unaware of their problem despite the fact that CVD may have a 
functional impact on activities of everyday living (Steward & Cole, 1989). A survey 
conducted by Steward and Cole (1989) revealed that 60% of anomalous trichromats 
(alteration of one of the retinal cone pigment‘s spectral sensitivity) and 20% of 
dichromats (absence of one of the retinal cone pigments) were unaware of their 
altered colour perception during their schooling years. Problems in assessing colour 
vision routinely in clinical practice can be attributed to the fact that an accurate 
diagnosis cannot be made with a single test; a battery of tests is required which can 
be time consuming (Cole, 2007). 
 
Identification of CVD before schooling commences is pertinent nonetheless because 
colour differentiation may be an important factor in the school environment (Bacon, 
1971). Coloured targets are widely used in teaching subjects such as reading, 
mathematics and science. It is suggested that colour names are among the first 
information that children learn and are an important teaching aid, especially in the 
earliest years of formal education (Suero et al., 2005). As children grow older, colour 
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recognition is still important in interpreting geographical maps or making decisions 
regarding the end point of chemical reactions (Bacon, 1971). In fact, a special 
technique has been developed which uses colour in mathematics teaching, known as 
the Cuisenaire method, in which mathematical relationships are presented using 
coloured rods (Kennedy et al., 2007). The role of colour vision may also be of more 
importance with the widespread use of computers and smart boards as teaching tools 
in modern school classrooms, which require colour recognition to interpret 
information. 
 
Gallo et al. (1998) found significantly lower academic achievement outcomes 
(measured using school grades) in boys aged 10 to 15 years old with CVD compared 
to an age-matched control group with normal colour vision. The children were 
categorised as red-green colour normal or abnormal using the Ishihara 
pseudoisochromatic plates and the Farnsworth D-15 test. An interesting finding in 
this study was that there were no significant between group differences in academic 
outcomes in the arts subject, where colour identification is likely to be important, 
however, the authors did not discuss this unexpected finding. A limitation of this 
study was the use of school marks as a measure of academic performance, which are 
non-standardised. A similar result was reported by Gallo et al. (2002) in a later study 
involving a larger sample of high school students (including boys and girls), where 
those with CVD had lower performance on subjects such as mathematics and science 
but not arts compared to their peers with normal colour vision. The use of school-
based test grades as outcome measures in these studies is not ideal as the extent to 
which these tests involve colour recognition tasks is not known. 
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In contrast, a longitudinal study by Cumberland et al. (2004) showed that individuals 
with CVD (based on Ishihara test results) did not differ compared to those with 
normal colour vision in terms of educational test performance (mathematics and 
reading score), which was assessed at 7, 11 and 16 years of age. The authors 
suggested that adaptive strategies and behaviours developed by those with CVD may 
explain the observed findings. This study however did not elaborate on the methods 
used to assess educational test performance.  
 
Given the potential role that colour plays in the school learning environment, it might 
be expected that children with CVD may face difficulties in school. However, due to 
the conflicting evidence regarding the possible impact that CVD might have on 
children‘s learning outcomes, the value of colour vision screening in school-aged 
children has been questioned (Ramachandran et al., 2014). 
 
2.6  LIMITATIONS OF PREVIOUS RESEARCH 
While a number of studies have investigated the role of a range of visual functions in 
the academic performance of children as described in this chapter, the strength of the 
evidence obtained from the majority of these studies is weakened by various 
methodological limitations. Difficulty exists in comparing these studies, largely due 
to experimental design flaws, inconsistencies in definition of terms, measurement 
instruments used, insufficient sample size and selection of comparison groups, poor 
statistical analysis, and lack of masking or experimental bias. 
 
One of the major limitations of previous studies has been in the definitions and 
quantification of reading or academic performance. The terms ‗learning disability‘ 
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and ‗dyslexia‘, which are frequently used are inconsistently defined, so that 
outcomes cannot be readily compared. Additional terms which have been used 
interchangeably include ‗reading disability‘, ‗poor readers‘ and ‗slow readers‘, which 
are generally not defined or explained. This methodological limitation is further 
exacerbated by the use of non-standardised measures, such as subjective assessment 
by teachers or school-based exams, to classify students into respective performance 
groups. The validity and reliability of these measures are undetermined, which limits 
the strength of the conclusions that can be drawn. These non-standardised measures 
also have an arbitrary selection of normal versus abnormal criteria. Previous research 
efforts have also been hampered by the measurement techniques used to quantify 
visual function. Only a few studies have utilised comprehensive optometric 
evaluations (Goldstand et al., 2005; Shin et al., 2009), whereas a number of studies in 
this area have largely relied on the use of screening instruments, which have been 
questioned in terms of their reliability.  
 
The majority of studies linking vision and academic achievement in children have 
also been either comparative or correlational studies. In comparative studies, the 
prevalence of visual dysfunctions is compared between academically underachieving 
children and a control group (Chen et al., 2011; Dusek et al., 2010; Eames, 1948; 
Garber, 1981; Goldstand et al., 2005; Rosner, 1987). It is presumed that a higher 
prevalence of visual dysfunction among the underachieving group is indicative of the 
influence of visual factors on academic performance. In correlational studies, 
quantitative measures of visual function are related to measures of reading 
performance or academic ability (Kulp & Schmidt, 2002; Kulp, 1999; Morad et al., 
2002; Rosner, 1997). The strength of the association between visual skills and 
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learning outcomes is quantified in terms of the correlation coefficient (r) value. Both 
of these designs show an association between vision and academic achievement but 
cannot prove the causal nature of the relationship. Experimental or intervention 
studies that can establish a cause-effect relationship are a better approach to 
investigate these issues.  
 
Despite these limitations, there is a body of evidence which suggests that there is an 
association between visual factors and academic performance in children. Well-
designed experimental studies, which address these limitations, are required in order 
to better understand the relationship between vision and academic performance.  
 
2.7  SUMMARY AND IMPLICATIONS 
This literature review has highlighted important gaps in current understanding of the 
role of visual function in academic performance in children. Although good vision 
has been proposed to be important for optimal school performance (American 
Optometric Association, 2008a; Garzia, 1996; Walline & Carder, 2012), little is 
known about what constitutes adequate or appropriate vision for children in a 
classroom. Characterising the precise visual demands imposed within school 
classrooms is an important starting point to address this issue. Such data would 
indicate the levels of visual function required by school children on which 
optometric management decisions can be based. Additionally, children who do not 
meet these requirements could be identified and optometric interventions applied. 
 
There is also evidence of a relatively high prevalence of visual anomalies, such as 
uncorrected refractive errors and non-strabismic binocular vision dysfunctions in 
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children (Dwyer, 1992; Junghans et al., 2002; Resnikoff et al., 2008; Robaei et al., 
2006a; Scheiman et al., 1996). However, uncertainty exists regarding the importance 
of early detection and correction of these anomalies. This could be attributed to a 
lack of convincing evidence regarding the impact of these anomalies on the learning 
outcomes of children. Therefore, investigating the impact of visual anomalies on 
children‘s performance of academic related tasks through well designed experimental 
studies will provide information regarding the levels of visual deficits which are 
likely to be problematic for school-aged children with regard to their academic 
performance. 
 
The gaps in the existing knowledge regarding visual function and academic-related 
performance are important to address, as at present there are few published 
guidelines available for clinicians regarding the levels of visual deficits which may 
be problematic in children and require correction. Current paediatric management 
decisions are generally based on low level evidence such as the clinical experience of 
individual practitioners, which leads to inconsistencies in management approaches. 
Therefore, understanding the visual demands in the modern classroom, as well as the 
impact of common visual anomalies on children‘s performance on academic-related 
tasks, will provide a clearer understanding regarding the actual visual demands 
placed on children, which can inform clinical decision-making. This data will also 
inform evidence-based pass-fail criteria for paediatric vision screenings. 
 
 
In order to address the research gaps identified regarding visual factors and 
academic-related performance in children, two separate studies were developed and 
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conducted. The specific research aims and hypotheses of each study are outlined 
below: 
Study 1 aimed to quantify the visual demands imposed upon children within modern 
primary school classrooms, in order to determine the typical levels of visual function 
required by children to perform optimally within this environment. Study 2 aimed to 
investigate how common uncorrected refractive errors in children, such as bilateral 
hyperopia, hyperopic anisometropia and bilateral astigmatism, may impact on their 
ability to perform standardised academic-related tasks. Three separate simulation 
experiments were conducted within study 2.  
 
Study 2a aimed to investigate the impact of a relatively low level of simulated 
bilateral hyperopic refractive error, combined with sustained near work, on a range 
of standardised academic-related measures in children. In addition, the change in 
vergence demand following the imposition of simulated hyperopia was investigated 
as a possible mechanism which may contribute to the observed changes in the 
outcome measures. The hypotheses of this experiment were: 
 Simulated bilateral hyperopia would significantly impair functional reading 
performance, visual information processing and reading-related eye 
movements, which would be exacerbated following sustained near work.  
 The change in vergence demand in the presence of simulated hyperopia 
would be associated with reductions in performance of the academic-related 
outcome measures. 
 
Study 2b aimed to investigate the impact of simulated hyperopic anisometropia, 
combined with sustained near work, on a range of standardised academic-related 
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measures in children. The influence of ocular dominance on changes in outcome 
measures in the presence of simulated anisometropia was also examined given the 
lack of current evidence on the possible role of eye dominance on functional 
performance. A further aim was to explore whether changes in stereoacuity underlie 
any reductions observed in the academic-related outcome measures as a result of 
simulated hyperopic anisometropia. The hypotheses of this experiment were: 
 Simulated hyperopic anisometropia would significantly impair functional 
reading performance, visual information processing and reading-related eye 
movements, which would be exacerbated following sustained near work. 
 Ocular dominance would influence the changes observed in these outcome 
measures (a greater decrement expected when the defocus is imposed before 
the dominant eye). 
 Changes in stereoacuity in the presence of hyperopic anisometropia 
simulation would be associated with reductions in performance on the 
academic-related outcome measures. 
 
The final experiment, Study 2c, aimed to investigate the impact of simulated bilateral 
astigmatism, combined with sustained near work, on a range of standardised 
academic-related measures in children. The influence of the axis of the astigmatic 
simulation (WTR or ATR) on performance was also investigated given conflicting 
results in the literature regarding the role of astigmatic axis on performance. The 
association between the reduction in distance and near visual acuity during simulated 
astigmatism and the observed changes in academic-related performance was also 
explored. The hypotheses of this experiment were: 
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 Simulated bilateral astigmatism would significantly impair functional reading 
performance, visual information processing and reading-related eye 
movements, which would be exacerbated following sustained near work. 
 The axis of the astigmatic simulation would significantly influence the 
changes observed in these outcome measures. 
 The change in distance and near visual acuity in the presence of bilateral 
astigmatism simulation would be associated with reductions in performance 
of the academic-related measures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 58 Chapter 2: Literature Review 
 
 
 
 
 
 
 Chapter 3: Visual demands in modern primary school classrooms (Methods) 59 
Chapter 3: Visual demands in modern 
primary school classrooms (Methods) 
This chapter outlines the selection and recruitment procedures for the schools and 
classrooms included in Study 1 of this thesis, and the development of the observation 
protocol employed including an overview of the pilot studies conducted to determine 
the final protocol.  
 
3.1 INTRODUCTION 
Any visual anomalies which impair or reduce the efficiency of the visual system (e.g. 
uncorrected refractive errors, accommodative or binocular vision dysfunctions), may 
potentially reduce the capacity for children to optimally perform at school (Marshall 
et al., 2010). However, there is a common misconception that visual acuity is the 
only measure of visual function that is relevant in the classroom environment and 
that habitual visual acuity measured with a standard high contrast letter chart 
adequately represents the functioning of the entire visual system (Cohen et al., 1983; 
Hellerstein et al., 2001; Leone et al., 2010). It is likely that a child‘s ability to 
perform efficiently in school is dependent upon a range of other visual factors such 
as contrast demand, eye movement control, focusing responses and binocular 
coordination (Ritty et al., 1993), which are not reflected by measures of distance 
visual acuity alone. 
 
A number of visual parameters are considered to be important for optimal academic 
performance of children in school (American Optometric Association, 2008a; 
Scheiman & Rouse, 2006). However, there is no consensus regarding this issue with 
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some studies reporting an association between impaired visual function including 
reduced visual acuity (O‘Grady, 1984; Ygge et al., 1993), uncorrected refractive 
errors (Grisham & Simons, 1986), sub-optimal visual efficiency (Palomo-Álvarez & 
Puell, 2008; Shin et al., 2009) and poorly developed visual information processing 
skills (Chen et al., 2011; Kulp, 1999) with reduced academic performance, while 
others have found no association (Dirani et al., 2010; Helveston et al., 1985). The 
inconsistency in the evidence in this area is likely to arise because many of the 
relevant studies were poorly designed, with wide variations in sample characteristics 
and size, predictor measures and academic-related outcome measures. 
 
It has also been hypothesised that the visual demands placed on a child vary 
depending on the age of the child. Two different models of the stages of learning 
have been proposed, namely the ‗learning to read‘ stage for younger children and 
‗reading to learn‘ stage which is more applicable for older children (Flax, 2006). It is 
thought that each of these learning stages places different demands on childrens‘ 
visual systems (Bonilla-Warford & Allison, 2004), however, such models are largely 
theoretical and there is a lack of supporting evidence from well-designed studies. 
 
An early observational study in the USA (Ritty et al., 1993) demonstrated that 78% 
of academic-based activities in fourth and fifth grade classrooms were visually 
based, including distance, near and distance to near tasks. In addition, sustained near 
work was reported as an important component of classroom learning, with children 
expected to maintain near fixation for up to 16 minutes at a time. However, this study 
was conducted over 20 years ago and may not reflect the current demands of modern 
school classrooms, which employ a range of new technologies such as computers and 
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smart boards. In a more recent study, Langford and Hug (2010) investigated the 
distance and near visual acuity demands in primary school classrooms (kindergarten 
to Grade 5) of a single school. This study reported that visual acuity demand 
increased with increasing school grade levels, with distance acuity demand being 
always greater than near for each grade. A limitation of this study was the small 
sample size, with only one classroom examined for each grade level within the one 
school. Importantly, this study also did not consider visual acuity reserve, which has 
been suggested to be an important factor in enabling comfortable and fluent reading 
especially during sustained visual tasks (Whittaker & Lovie-Kitchin, 1993).  
 
In addition to visual skills, other physical aspects of a classroom such as its size and 
lighting levels are believed to be important contributing factors to the learning 
process given that a conducive physical environment may affect students‘ comfort 
and their ability to learn (Suleman et al., 2014). These physical factors also indirectly 
influence students‘ visual requirements such as visual acuity (classroom size) and 
contrast of learning materials (illumination levels). However, there are differences in 
current published guidelines regarding the optimum size of a school classroom. The 
Department of Education in the UK suggested that primary school classrooms with 
approximately 30 students should be between 56m
2
 to 70m
2
 in size (Department of 
Education UK, 2005), while another guideline from the USA suggested a minimum 
of 95m
2
 for a classroom of approximately 20 students (Tanner, 2000). In Australia, 
there are no specific recommendations for the physical dimensions of school 
classrooms.  
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A number of studies have suggested that classroom illumination may influence 
academic achievement in schools as many of the visual tasks performed in the 
classroom, such as reading, require adequate lighting (Schneider, 2002; Tanner, 
2008). Inappropriate lighting, either insufficient or excessive, may result in visual 
discomfort which may eventually lead to a reduction in performance (Amasuomo & 
Alio, 2013). In addition, it has been suggested that optimum illumination is even 
more important in modern classroom settings, which incorporate equipment such as 
smart boards and computers that are more sensitive to inappropriate lighting (Blehm 
et al., 2005).  
 
Standards have been established regarding the minimum illumination levels in school 
classrooms which vary between countries, ranging from 240 to 500 lux (Great 
Britain Dept. of Education and Science Architects and Building Branch, 1977; 
Kaufman & Christensen, 1987; Standards Australia, 1994). However, few studies 
have investigated in detail whether the illumination levels in school classrooms are 
adequate or comply with these established standards. Some preliminary results on 
illumination levels in primary school classrooms were reported in a USA-based study 
(Ritty et al., 1993), which showed that the average illumination level in a sample of 
primary school classrooms was approximately 750 lux, which was brighter than the 
recommended US standard (500 lux). The front section of the classroom (where the 
whiteboard or blackboard was located) always had the lowest lighting level, which 
was approximately 50% lower than other classroom areas (Ritty et al., 1993). This 
study, however, did not indicate whether the authors controlled for the time of day 
when the illumination measurements were made. This is important as illumination 
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levels may vary depending on natural lighting (from windows) which changes 
throughout the day, as well as from variations in weather and seasonal changes. 
 
The visual demands placed on children are important factors which need to be 
considered when determining appropriate prescribing guidelines for children with 
functional problems (Donahue, 2007). Since children typically have lower visual 
acuity requirements compared to adults, achieving an end point of 6/6 (0.00 
logMAR) when prescribing spectacles may not be necessary for a child to function 
adequately in their everyday environment (Robaei et al., 2005a). It has also been 
suggested that refractive correction may not be critical in young children during the 
schooling years in the absence of any amblyogenic risk factors, even if uncorrected 
visual acuity is worse than 6/12 (0.30 logMAR) (DeRespinis, 2001). In contrast, 
some eye care practitioners recommend the correction of low magnitude refractive 
errors even when there is no significant reduction in visual acuity (Brookman, 1996; 
Marsh-Tootle, 1998), particularly with regard to functional performance. These 
differences in paediatric optometric management approaches between eye care 
practitioners may be attributed to the paucity of evidence regarding the actual visual 
demands of classrooms. There are also limited evidence-based guidelines available 
regarding appropriate management strategies for common non-amblyogenic visual 
problems in children, such as low levels of uncorrected refractive error and non-
strabismic binocular vision anomalies (Donahue, 2007; O'Leary & Evans, 2003). 
 
A recent review of paediatric vision screening guidelines further highlighted the lack 
of uniformly accepted protocols for childhood vision screening in Australia and other 
countries (Hopkins et al., 2013). Opinions vary greatly regarding the most 
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appropriate tests that should be included, the ideal age to be screened, frequency of 
screening and most importantly the referral criteria that should be adopted for further 
comprehensive vision examination (Ciner et al., 1998; National Health and Medical 
Research Council, 2002). Accordingly, the effectiveness of children vision 
screenings has been questioned due to these and other issues (Marshall et al., 2010; 
Thomson & Evans, 1999). This problem may also be related to the lack of evidence 
from well-designed studies regarding the visual function requirements for school 
children, which provides the basis for which visual parameters are screened and the 
criteria for referral. 
 
The aim of this study was therefore to quantify the visual demands imposed upon 
children within modern primary school classrooms, in order to determine the typical 
levels of visual function required by children to perform optimally within this 
environment. In this study, a range of measurements were taken to evaluate each 
classroom setting (physical dimensions, illumination levels), learning materials used 
at distance and near (text size and contrast), habitual working distances (for far and 
near viewing) and classroom activities (time spent on different types of academic 
tasks). These measurements were also used to calculate the theoretical visual 
demands of modern classrooms with respect to distance and near visual acuity, 
contrast and accommodation-vergence demands.  
 
3.2 SCHOOL AND CLASSROOM SELECTION 
Thirty schools, randomly chosen from a range of different geographical and 
socioeconomic locations were approached initially (via emails sent to the school 
principal) to participate in this study, of which eight schools agreed. Sampling was 
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restricted to Queensland state primary schools, which are regulated by the 
Department of Education, Training and Employment (DETE) as they enrol the 
greatest number of students in Queensland (> 70% of total) (DETE, 2014a). The 
schools that declined to participate indicated that time constraints were the main 
reason for their non-participation. Thirty three classrooms from the eight schools 
(including seventeen Year 5, thirteen Year 6 and three combined Year 5/6 classes) 
were included in this study. The eight participating schools were located in urban 
regions of Brisbane and generally skewed towards higher socioeconomic status areas 
(Australian Bureau of Statistics, 2011). The precise number of schools that would 
allow sufficient representation of typical classroom environments was difficult to 
determine accurately as there have been few previous studies addressing this topic. 
The only studies directly relevant to this area of research were those of Ritty et al. 
(1993) and Langford and Hug (2010), who reported preliminary data on the visual 
demands in school classrooms, using eleven (four schools) and six classrooms (a 
single school) respectively. Therefore, a minimum of thirty classrooms from a 
greater number of schools was targeted in this study to provide a more representative 
sample. This number is more than double that evaluated by previous studies and was 
judged to be sufficient (to represent the modern classroom) considering the time and 
resources available, as the majority of data collection was conducted solely by the 
PhD candidate.  
 
Upon obtaining initial approval from the individual school principal, a separate 
meeting was held with the teachers of the involved classrooms (Years 5 and 6) in 
each school by the PhD candidate to explain the study protocol and to schedule the 
most suitable day for the observation visits (a day of normal classroom activities with 
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no out of the ordinary events). Primary schools were selected for inclusion given that 
for children in this age group (6 to 12 years) there is a strong emphasis on acquiring 
appropriate elementary learning skills in preparation for their secondary education 
(Scheiman & Rouse, 2006); at this early stage, any undetected or uncorrected visual 
deficits may significantly hinder a child‘s full learning potential. A particular focus 
was placed on Years 5 and 6 classrooms as children in these grades (aged 10 to 12 
years) are considered to be in the ―reading to learn‖ stage, which imposes different 
demands on the visual system to those of younger children in the early primary 
school years. In addition, these schooling levels were also similar to those included 
in the previous study by Ritty et al. (1993) which enabled direct comparison of the 
visual demands between studies. 
 
3.3 DEVELOPMENT OF THE DATA COLLECTION PROCEDURE 
The observation procedures used in this study were adopted and modified from 
studies by Ritty et al. (1993) and Langford and Hug (2010). An overview of the pilot 
studies conducted to finalise the protocol is outlined in the following section along 
with a detailed explanation of the full observation protocol used for this study.  
 
3.3.1 Pilot studies 
Pilot Study 1 
An initial pilot study was conducted in selected lecture rooms of Queensland 
University of Technology (QUT) to test the feasibility of the protocol outlined for 
Study 1, as well as to gain experience working with the instruments such as the 
luxmeter (used to measure illumination levels) and photometer (used to measure the 
contrast levels of learning materials). Three lecture rooms were selected that were 
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similar to a school classroom in terms of size and student capacity (approximately 25 
students). The observation protocol outlined below for each of the outcome measures 
(assessment of room dimensions, illumination and contrast levels) was carried out in 
each of the lecture rooms, and learning activities were observed and recorded during 
a three hour lecture session. The results obtained from this first pilot study raised the 
issue of the reliability of the estimations of near working distances and the number of 
fixation changes as well as coding of the learning activities, as all these parameters 
were to be determined in the school classrooms using estimation or observation 
methods (due to ethical restrictions which did not allow direct interaction with the 
children to record these measures). Consequently, it was decided to include a second 
observer together with the PhD candidate to conduct the observations and 
estimations of distances and fixation changes to help address the reliability issue. A 
summary of the results from the first pilot study are presented below. 
 
(i) Room dimensions 
The length and width of each lecture room was quantified using a measuring tape. 
Three measurements were taken for each distance and averaged. The results are 
summarised in Table 3-1. 
 
Table 3-1: Mean (standard deviation) dimensions of lecture rooms in Pilot Study 1. 
Lecture rooms Length (m) Width (m) 
1 7.95 7.80 
2 7.90 7.87 
3 7.96 7.90 
Mean (SD) 7.94 (0.03) 7.86 (0.05) 
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(ii) Illumination levels 
Illumination levels (quantified in lux) were measured using a calibrated Topcon IM-
20 illumination meter. Illumination levels varied within each of the lecture rooms 
due to differences in the position of the light source or windows, which necessitated 
the need to obtain measurements from different locations within a single room. 
Therefore, each lecture room was divided into five quadrants as shown in Figure 3-1 
based on a previous study (Ritty et al., 1993). The allocation of the quadrants was 
consistent between rooms with quadrant 1 being the front section, followed by 
quadrant 2 at the front, right section. The order of the remaining quadrants is 
presented in Figure 3-1. Illumination levels were measured three times in the middle 
of each of the quadrants (at table/desk height) and averaged. Measurements were also 
taken at three intervals during the day: 9am, 12.30pm and 3pm (summarised in Table 
3-2). All of the measurements captured at every time interval were conducted within 
a 20 minute time period. The recorded level of illumination was highest in the 
morning (9am) and then gradually decreased towards mid-afternoon for all three 
rooms. There was also wide variation in the recorded illumination levels within and 
between lecture rooms at each time point. 
 
Quadrant 5  
(Q5) 
Quadrant 3  
(Q3) 
Quadrant 4  
(Q4) 
Quadrant 2 
(Q2) 
Quadrant 1  
(Q1) 
Figure 3-1: Quadrant division of room space based on Ritty et. al. (1993) 
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Table 3-2: Mean (standard deviation) of illumination levels in the lecture rooms in Pilot Study 1 within one day. 
 
Lecture 
room 
9am 
Mean (SD) 
12.30pm 
Mean (SD) 
3pm 
Mean (SD) 
Q1 
(lux) 
Q2 
(lux) 
Q3 
(lux) 
Q4 
(lux) 
Q5 
(lux) 
Q1 
(lux) 
Q2 
(lux) 
Q3 
(lux) 
Q4 
(lux) 
Q5 
(lux) 
Q1 
(lux) 
Q2 
(lux) 
Q3 
(lux) 
Q4 
(lux) 
Q5 
(lux) 
1 
400.07 
(0.60) 
661.13 
(0.74) 
643.90 
(0.56) 
719.03 
(0.06) 
715.43 
(0.40) 
380.77 
(0.66) 
645.37 
(0.42) 
611.50 
(0.00) 
704.63 
(0.23) 
702.13 
(0.66) 
350.87 
(0.86) 
582.37 
(0.64) 
587.17 
(0.47) 
685.00 
(0.79) 
690.27 
(0.46) 
2 
376.57 
(0.60) 
672.40 
(0.46) 
661.13 
(0.74) 
744.40 
(0.36) 
740.00 
(0.00) 
350.87 
(0.86) 
657.67 
(0.31) 
655.77 
(0.25) 
735.27 
(0.46) 
731.13 
(0.59) 
347.13 
(0.32) 
641.27 
(0.40) 
633.60 
(0.26) 
710.33 
(0.45) 
711.40 
(0.17) 
3 
422.50 
(0.00) 
675.27 
(0.46) 
658.53 
(0.40) 
716.17 
(0.29) 
710.10 
(0.00) 
413.33 
(0.55) 
659.37 
(0.31) 
637.57 
(0.32) 
710.77 
(0.35) 
702.70 
(0.17) 
407.80 
(0.17) 
647.03 
(0.35) 
628.13 
(0.15) 
700.00 
(0.10) 
697.43 
(0.45) 
Mean (SD) 
399.71 
(22.97) 
669.60 
(7.47) 
654.52 
(9.29) 
726.53 
(15.54) 
721.84 
(15.95) 
381.66 
(31.24) 
654.13 
(7.64) 
634.94 
(22.25) 
716.89 
(16.21) 
711.99 
(16.58) 
368.60 
(34.00) 
623.56 
(35.79) 
616.30 
(25.38) 
698.44 
(12.74) 
699.70 
(10.75) 
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(iii) Learning material assessment and visual acuity threshold demand 
determination 
Learning materials used in these lecture rooms included PowerPoint presentations at 
distance and printed handouts at near. The maximum distance visual acuity threshold 
demands were calculated using the smallest vertical lower case letter height of 
targets presented on a random selection of PowerPoint slides and the furthest 
distance at which a student was seated from the white board at the front of the room, 
as described by Langford and Hug (2010).  
An example is illustrated below: 
A 10mm letter is viewed at a distance of 5m. The critical detail on a letter is 
arbitrarily taken as 1/5 of the letter height, which is 2mm in this example (Benjamin 
& Borish, 2006).  
 
 Tan ϴ = 2/5000 
        ϴ = 0.0229 degrees 
 Minimum angle of resolution (MAR) = degrees x 60 
       = 0.0229 x 60 
       = 1.375 minutes of arc 
      = 0.14 logMAR 
    
Therefore, a 10mm letter target viewed at a distance of 5m corresponds to a threshold 
acuity demand of 0.14 logMAR. This formula was also used to calculate the mean 
estimated habitual near visual acuity threshold demands using the smallest vertical 
lower case letter height of targets on the printed handouts and the estimated near 
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working distance. The near working distance was determined by taking an average of 
the working distances estimated (to the nearest 5cm) by the PhD candidate of ten 
students while they were performing near work in each of the assessed lecture rooms. 
The distance and near visual acuity threshold demands for each of the observed 
lecture rooms are summarised in Table 3-3. The results demonstrated that the 
distance acuity threshold demand was greater than the near acuity threshold demand 
in all of the lecture rooms. 
 
Table 3-3: Mean (standard deviation) of target sizes, working distances and visual 
acuity threshold demands in the lecture rooms in Pilot Study 1. 
 
Variables 
Lecture room 
1 2 3 Mean (SD) 
Smallest distance target size (mm) 33 45 30 36.00 (7.94) 
Smallest near target size (mm) 3 4 3 3.17 (0.29) 
Maximum distance student seated 
(m) 
6.55 6.65 6.30 6.50 (0.18) 
Estimated near working distance 
(cm) 
40 40 40 40 (0) 
Maximum distance acuity threshold 
demand (logMAR) 
0.54 0.67 0.51 0.57 (0.09) 
Mean estimated near acuity 
threshold demand (logMAR) 
0.70 0.78 0.78 0.76 (0.04) 
 
 
(iv) Contrast levels of learning materials  
A calibrated photometer (Topcon Luminance Colorimeter BM7) was used to 
measure the luminance levels (quantified in cd/m
2
), which were then substituted into 
Weber‘s contrast formula (luminance contrast = Lbackground-Ltarget/Lbackground) to 
calculate the contrast demand of learning materials. Measurements were obtained at 
three intervals during the day; 9am, 12.30pm and 3pm. The measurements at every 
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time interval were conducted within a 20 minute time period. The results of the 
contrast demand of the distance targets (information presented on PowerPoint slides) 
is summarised in Table 3-4. Contrast evaluation for near targets was not conducted 
because the printed material used for near tasks consisted of very small targets 
(letters), making luminance level measurement using the photometer difficult to 
perform (even when using the 0.1 degree field setting).  
 
Table 3-4: Mean (standard deviation) of distance contrast levels in the lecture rooms 
in Pilot Study 1 within a day. 
 
Lecture 
room 
Distance contrast demand (%) 
9am 12.30pm 3pm 
1 96.92 (1.23) 96.27 (1.45) 94.50 (1.07) 
2 95.81 (2.03) 94.65 (1.33) 92.10 (2.10) 
3 95.82 (2.10) 94.84 (1.83) 92.50 (1.63) 
Mean (SD) 96.18 (0.64) 95.25 (0.89) 93.03 (1.29) 
 
 
(v) Learning activity diary analysis 
A single lecture session of three hours duration was observed in each of the selected 
lecture rooms and activities recorded using a minute-by-minute written diary. 
Activities were classified as a distance task if the students were required to focus on 
any information presented at the front of the lecture room or observe a lecturer‘s 
demonstration. Any writing or near reading tasks were classified as near tasks, and 
any tasks that required the students to operate screen-based equipment (such as 
laptops or desk-based computers) were classified as computer-based tasks. Distance 
to near tasks refers to any activity which required the students to change fixation 
from far to near and far again such as repeated copying from the board. Lastly, non-
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academic tasks refer to any break times within the lecture session. The duration of 
distance to near tasks and the number of fixation changes was not quantified during 
this pilot study because there were no instances where the majority of the students 
were required to perform any repeated copying activity that met the criteria for a 
distance to near task. The results are presented in Table 3-5, which shows that the 
majority of academic activities in these lecture rooms were focussed on distance 
tasks. This is likely to differ substantially to the situation in primary school 
classrooms which are the focus of this study. 
 
Table 3-5: Mean (standard deviation) of time spent undertaking specific academic 
tasks in the lecture rooms in Pilot Study 1. 
Lecture 
rooms 
Time (minutes) 
Distance  Near Computer-based  Non-academic 
1 115 45 0 20 
2 120 35 0 25 
3 125 30 0 25 
Mean 
(SD) 
120 (5) 37 (8) 0 23 (3) 
 
 
Pilot Study 2 
Upon obtaining approval from DETE, a second pilot study was conducted within 
four school classrooms in a state primary school in Brisbane. A similar observation 
protocol used in the first pilot study (with some minor modifications, which are 
described under the subheadings for each of the relevant outcome measures below) 
was carried out in the selected classrooms (two Year 5 and two Year 6 classes) for a 
school day (9am to 3pm) in each class. Given that Pilot Study 1 highlighted that 
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reduced reliability might be a potential issue for the estimation methods, four 
additional observers (Master of Optometry students with preliminary clinical 
experience) were included in this second pilot study to perform learning activities 
observations, as well as to make estimates of near working distances and the number 
of fixation changes. Each class was observed by the PhD candidate and one of the 
additional observers. Pilot Study 2 assisted in developing an observation protocol 
flow chart to ensure that during the actual observation study all the necessary 
measurements could be performed within the schooling time without causing any 
unnecessary disruption to the daily learning process in the classrooms. This second 
pilot study also served as a training session for the four additional observers allowing 
them to become familiar with the observation protocols. The results of the second 
pilot study are summarised below.  
 
(i) Classroom dimensions 
The length and width of each classroom was quantified using the same method as 
outlined in Pilot Study 1 and the results are summarised in Table 3-6. 
Table 3-6: Mean (standard deviation) dimensions of classrooms in Pilot Study 2. 
 
Classroom Length (m) Width (m) 
1 7.73 6.45 
2 8.93 6.49 
3 6.68 6.51 
4 8.43 6.71 
Mean (SD) 7.94 (1.00) 6.54 (0.11) 
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(ii) Classroom illumination 
Illumination levels were measured in the middle of each of the quadrants as per Pilot 
Study 1 and these data are summarised in Table 3-7. Similar to the lecture rooms 
included in Pilot Study 1, there was variability in the illumination levels within and 
between each classroom. The recorded level of illumination was generally highest in 
the morning (9am) and lowest in the afternoon session (3pm). 
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Table 3-7: Mean (standard deviation) of illumination levels in the classrooms in Pilot Study 2 within one day. 
 
Classroom 
9am 
Mean (SD) 
12.30pm 
Mean (SD) 
3pm 
Mean (SD) 
Q1 
(lux) 
Q2 
(lux) 
Q3 
(lux) 
Q4 
(lux) 
Q5 
(lux) 
Q1 
(lux) 
Q2 
(lux) 
Q3 
(lux) 
Q4 
(lux) 
Q5 
(lux) 
Q1 
(lux) 
Q2 
(lux) 
Q3 
(lux) 
Q4 
(lux) 
Q5 
(lux) 
1 
524.00 
(0.00) 
549.33 
(2.08) 
745.33 
(3.06) 
545.00 
(1.00) 
563.00 
(3.00) 
510.67 
(0.58) 
528.33 
(1.53) 
722.33 
(2.52) 
519.33 
(3.21) 
546.33 
(3.06) 
488.33 
(2.52) 
517.00 
(0.00) 
710.00 
(3.00) 
499.67 
(1.53) 
530.00 
(1.00) 
2 
568.67 
(2.31) 
750.67 
(1.53) 
788.00 
(2.65) 
562.67 
(2.52) 
580.67 
(0.58) 
558.00 
(2.65) 
738.00 
(0.00) 
769.00 
(1.73) 
550.00 
(1.73) 
564.00 
(2.65) 
535.33 
(2.08) 
720.67 
(2.08) 
752.00 
(0.00) 
538.00 
(1.00) 
531.00 
(1.73) 
3 
217.33 
(0.58) 
252.00 
(0.00) 
229.33 
(1.53) 
231.00 
(1.00) 
224.00 
(1.00) 
216.67 
(0.58) 
246.67 
(3.51) 
212.00 
(2.65) 
235.33 
(1.53) 
228.67 
(1.53) 
207.67 
(1.53) 
220.00 
(1.73) 
202.67 
(2.52) 
232.67 
(2.08) 
219.67 
(2.52) 
4 
310.33 
(4.04) 
359.00 
(2.65) 
383.00 
(1.00) 
284.33 
(0.58) 
261.00 
(1.00) 
280.33 
(2.08) 
331.33 
(3.21) 
330.33 
(1.15) 
249.00 
(1.00) 
259.67 
(2.08) 
262.00 
(1.00) 
310.67 
(0.58) 
330.33 
(0.58) 
243.00 
(3.61) 
274.00 
(2.00) 
Mean (SD) 
405.08 
(168.45) 
477.75 
(219.60) 
536.42 
(273.73) 
405.75 
(172.52) 
407.17 
(190.88) 
391.42 
(168.17) 
461.08 
(219.10) 
508.42 
(278.83) 
388.42 
(169.43) 
399.67 
(180.15) 
373.33 
(162.59) 
442.08 
(223.47) 
498.75 
(273.73) 
378.33 
(163.04) 
388.67 
(165.27) 
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(iii) Visual acuity thresholds  
Visual acuity threshold demands at distance and near were determined using the 
formula outlined for Pilot Study 1. The results are presented in Table 3-8 below. As 
for the lecture rooms in Pilot Study 1, the distance acuity threshold demand was 
greater than the near acuity threshold demand in all of the classrooms. 
 
Table 3-8: Mean (standard deviation) of target sizes, working distances and visual 
acuity threshold demands in the classrooms in Pilot Study 2. 
 
Variables 
Classrooms 
1 2 3 4 
Mean 
(SD) 
Smallest distance target size 
(mm) 
28 26 35 25 
28.50 
(4.51) 
Smallest near target size 
(mm) 
2 2 2 2 
2.12 
(0.25) 
Maximum distance student 
seated (m) 
6.14 7.40 5.70 6.53 
6.44 
(0.72) 
Estimated near working 
distance (cm) 
20 20 20 25 21 (3) 
Maximum distance acuity 
threshold demand 
(logMAR) 
0.49 0.38 0.62 0.42 
0.48 
(0.10) 
Mean estimated habitual 
near acuity threshold 
demand (logMAR) 
0.84 0.84 0.84 0.84 
0.84  
(0.00) 
 
 
(iv) Contrast levels 
The contrast of learning materials used both at distance and near were determined 
using a calibrated photometer as per the first pilot study. The results are summarised 
in Table 3-9. As for the illumination level recordings, the recorded contrast level in 
every classroom was highest in the morning (9am) and then gradually decreased 
towards the afternoon (3pm). Similar to Pilot Study 1, there were some difficulties in 
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measuring the contrast levels of near learning materials, especially printed handouts 
which had very small targets (letters). This problem was solved in Pilot Study 2 by 
producing a magnified version of the printed materials (reprinted with larger fonts 
and matched as closely as possible to the contrast of the original material i.e. without 
contrast enhancement). Measurements were then conducted using these magnified 
and reprinted materials. 
 
Table 3-9: Mean (standard deviation) of distance and near contrast levels in the 
classrooms in Pilot Study 2 within a day. 
 
Classroom 
Distance contrast demand (%) Near contrast demand (%) 
9am 12.30pm 3pm 9am 12.30pm 3pm 
1 
79.37  
(0.82) 
75.67 
(0.87) 
74.41 
(1.40) 
79.11 
(1.12) 
77.42 
(0.54) 
74.85 
(1.40) 
2 
91.34  
(5.61) 
87.59 
(1.42) 
83.60 
(6.94) 
93.46 
(3.76) 
90.83 
(1.42) 
87.46 
(0.81) 
3 
82.99  
(2.82) 
80.12 
(1.62) 
77.62 
(1.63) 
81.54 
(3.34) 
80.24 
(2.99) 
79.39 
(0.90) 
4 
86.16  
(10.92) 
83.17 
(10.18) 
80.31 
(10.13) 
87.52 
(6.63) 
83.47 
(6.49) 
80.63 
(6.94) 
Mean (SD) 
84.97 
(5.08) 
81.64 
(5.02) 
78.99 
(3.91) 
85.41 
(6.43) 
82.99 
(5.78) 
80.58 
(5.21) 
 
 
(v) Learning activity diary analysis 
Whole day classroom learning sessions (9am to 3pm) were observed and recorded in 
each of the classrooms by the PhD candidate and the additional observers (one in 
each class). Activities were then classified into the respective categories as outlined 
below, as suggested by Ritty et al. (1993), with the inclusion of an additional 
‗computer tasks‘ category.  
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a) Distance tasks – any activity that required students to sustain distance 
fixation such as observing a presentation at the front of the class or a 
teacher‘s demonstration. 
b) Near tasks – any near reading or writing based activities. 
c) Distance to near tasks – any activity which required the students to 
change fixation from far to near and far again such as repeated 
copying from the board. 
d) Computer tasks – any activity which required the students to operate 
screen based equipment (computers or laptops).  
e) General tasks – any non-academic activity such as break times and 
transition times between lessons. 
 
In a typical schooling day of approximately 6 hours duration, an average of 64% of 
the time in this school was spent on performing academic related tasks (the 
remaining 34% of the time was spent performing general tasks). These included 
distance, near, distance to near and computer based tasks. Near activities (41%) 
dominated the types of academic based tasks performed in each of the classrooms, 
followed by distance tasks (30%), distance to near tasks (19%) and computer tasks 
(10%). Students were also required to sustain near fixation continuously for an 
average (± standard deviation) of 21 ± 3 minutes at a time. During distance to near 
tasks, students performed an average of 11 ± 1 fixation changes per minute.  Table 
3-10 summarises the average time allocated for different types of learning tasks in 
each of the four classrooms. 
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Table 3-10: Mean (standard deviation) of time spent on specific academic tasks 
during a typical school day in the classrooms in Pilot Study 2. 
 
Classroom 
Time (minutes) 
Distance  Near Computer 
Distance to 
near  
General 
1 72 80 25 48 134 
2 68 94 29 49 125 
3 76 114 18 37 125 
4 58 94 23 39 132 
Mean (SD) 69 (8) 96 (14) 24 (5) 43 (6) 129 (3) 
 
 
3.4 MAIN STUDY DATA COLLECTION PROCEDURES 
The data collected as part of the two pilot studies were used to refine the protocol 
adopted for the main study. A full day observation was conducted by an in-class 
examiner (the PhD candidate) and an additional trained observer in each of the 
classrooms (i.e. a single classroom observation per day). Learning activities in each 
of the selected classrooms were observed from 9am to 3pm (normal schooling hours 
for Queensland state primary schools). Classroom observation visits were scheduled 
on typical school days that were convenient for teachers and did not include any 
planned out of the ordinary classroom activities. 
 
Each classroom‘s physical layout and surrounds were recorded, including the 
position of the windows, sources of lighting (artificial and natural), students‘ table 
arrangements, the presence of learning items and materials on the walls and the use 
of computers or smart boards. Photographs of each classroom and the learning 
materials were taken (while children were absent to maintain student confidentiality) 
as a reference and to aid documentation. Evaluation of the physical parameters such 
 Chapter 3: Visual demands in modern primary school classrooms (Methods) 81 
as the room dimensions and lighting levels were conducted outside of scheduled 
classes (before lessons commenced or during recess or lunch breaks) without 
children present to ensure that data collection did not cause unnecessary interruptions 
to learning activities. 
 
3.5 INTER-OBSERVER RELIABILITY AND AGREEMENT 
ASSESSMENT  
In each of the classrooms, two observers (the PhD candidate and a second observer 
who was a Master of Optometry student with preliminary clinical experience) 
simultaneously observed and recorded the learning activities and the estimated near 
working distances and the number of fixation changes. The second observer (only 
one in each class) was present for an average of 2 hours (any time within the 9am to 
3pm school hours). Four observers (in addition to the PhD candidate) were involved 
throughout this study. Both the PhD candidate and the second observer 
independently recorded the type of learning activities undertaken on a minute-by-
minute basis using a written diary. The activities were then classified independently 
by the PhD candidate and the observer into the five separate categories as outlined in 
Pilot Study 2. At any time during the observation session when the children were 
required to perform near fixation tasks, a child was randomly selected and both 
observers independently estimated his/her near working distance to the nearest 5cm. 
In every case, the selected student was clearly visible to both the observers in order 
to ensure that a good estimation of near working distance could be made. This 
estimation approach was used rather than an actual measurement to minimise 
possible disruption during classroom learning. In addition, ethical restrictions did not 
 82 Chapter 3: Visual demands in modern primary school classrooms (Methods) 
allow direct interactions with children in the classrooms, which restricted the direct 
measurement of the near working distances.  
 
This procedure was repeated to estimate the near working distance of as many 
children as possible in the class (an average of 20 in each classroom) within the 2 
hour session when the second observer was present. The average estimated habitual 
near working distance for each child by each observer was used for further analysis 
of visual demands. Similar estimation procedures (both observers making 
estimations for the same randomly selected child) were used to record the number of 
fixation changes performed by the children during one minute observation periods 
when learning tasks occurred, which required repeated changes in fixation from 
distance to near, such as copying from the board.  
 
In order to establish the reliability of the near working distance estimations, the PhD 
candidate and the observers independently estimated the near working distances (to 
the nearest 5cm) of fifteen adult participants performing near fixation tasks (reading 
a book seated at a table); this was performed in a separate session at QUT. The 
estimated values were then compared to the actual near working distances (to the 
nearest 1cm) recorded by an additional independent volunteer using a measuring 
tape. The level of inter-observer reliability and agreement between the PhD 
candidate and the four additional observers for the data collected was analysed using 
the approach described by Bland and Altman (Bland & Altman, 1986). Given that 
the estimated and actual near working distances were quantified in different discrete 
scales, data distribution in the resulting Bland and Altman plots shown in the 
following Figures are clustered. 
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Figure 3-2 displays the Bland and Altman plot for near working distance estimation 
reliability for the PhD candidate as well as for the four additional observers averaged 
together. The 95% limit of agreement (LoA) were; -2.93cm to 3.89cm 
(approximately 7cm) for the PhD candidate and  -3.50cm to 3.90cm (approximately 
7cm) for the additional observers. The mean of difference between the actual and 
estimated working distance was close to zero (less than 0.5cm), indicating good 
agreement (Bland & Altman, 1986). 
Figure 3-2: Bland and Altman plot of differences (actual – estimated) versus mean 
between actual and estimated near working distance by PhD candidate and additional 
observers. Solid lines represent the mean difference and the dashed lines represent 
the 95% LoA. 
 
 
Figure 3-3 and Figure 3-4 display Bland and Altman scatter plots for inter-observer 
agreement between the PhD candidate and the four additional observers for the data 
collected in school classrooms. The 95% LoA were; -4.06cm to 3.93cm 
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(approximately 8cm) for near working distance estimation and -1.22 to 0.98 
(approximately 2 fixation changes per minute) for fixation change estimation. The 
mean differences in the estimation of near working distance and fixation changes 
approached zero, which shows good agreement between the PhD candidate and 
additional observers. Figures 3-2 to 3-4 show rather atypical plot distributions due to 
the categorical nature of the estimation data (i.e. the near working distance was 
estimated in discrete intervals to the nearest 5cm, not on a continuous scale). The 
average Kappa statistics for coding of classroom learning activities for all of the 
additional observers was 0.88, showing good agreement (Sim & Wright, 2005), 
indicating reasonable inter-observer agreement and reliability. 
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Figure 3-3: Bland and Altman plot of differences (PhD candidate – additional 
observer) versus mean for near working distance estimation between PhD candidate 
and the additional observer. Solid line represents the mean difference and the dashed 
lines represent the 95% LoA. Note: a jitter factor has been applied to more clearly 
highlight the number of individual data points. 
 Chapter 3: Visual demands in modern primary school classrooms (Methods) 85 
20151050
3
2
1
0
-1
-2
-3
-0.12
0.98
-1.22
0.00
(PhD Candidate + Additional Observer/2) (number/minute)
                      Mean fixation change estimation
(P
h
D
 C
a
n
d
id
a
te
 -
 A
d
d
it
o
n
a
l 
O
b
s
e
rv
e
r)
 (
n
u
m
b
e
r/
m
in
u
te
)
  
  
  
 M
e
a
n
 d
if
fe
re
n
c
e
 i
n
 f
ix
a
ti
o
n
 c
h
a
n
g
e
 e
s
ti
m
a
ti
o
n
Mean difference
Mean difference + 1.96 x SD
Mean difference - 1.96 x SD
Median difference
 
 
Figure 3-4: Bland and Altman plot of differences (PhD candidate – additional 
observer) versus mean for fixation change estimation between PhD candidate and the 
additional observer. Solid line represents the mean difference and the dashed lines 
represent the 95% LoA. Note: a jitter factor has been applied to more clearly 
highlight the number of individual data points. 
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3.6 PARAMETERS ASSESSED 
The following measurements were undertaken in each of the 33 classrooms: 
(i) Classroom dimensions 
The length and width of each classroom was recorded using a measuring tape 
(accurate to 1mm). The maximum distance at which a child could be seated from the 
board (the furthest chair and table) was also recorded. Three measurements were 
taken for each of the distances and the average of these was included in the analysis.   
 
(ii) Illumination levels 
Illumination levels (quantified in lux) were measured using a calibrated Topcon IM-
20 illumination meter. Measurements were obtained at three intervals during the day; 
9am, 12.30pm and 3pm, to quantify changes in illumination levels in each classroom 
throughout the day. The measurements at every time interval were conducted within 
a 20 minute time period. For data collection and analysis, classrooms were divided 
into five quadrants as outlined in Pilot Study 1. Three measurements were conducted 
in the middle of each quadrant (at the height of the student‘s tables) and the average 
of these values was included in the analysis. Measurements were conducted in the 
five different quadrants (shown in Figure 3-1) in each classroom as illumination 
levels can vary within the classroom depending on the position of the light sources 
and windows. 
 
(iii) Visual acuity demand  
The vertical dimension of the critical targets contained within the learning materials 
used in each classroom was assessed to determine the theoretical visual acuity 
required to resolve the target. These measurements were completed for all visually 
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based materials that needed to be resolved both at distance and near. These included 
PowerPoint presentations on smart boards, the teacher‘s writing on the white board, 
printed worksheets and workbooks. The smallest vertical height of learning materials 
(smallest lower case letter), which posed the greatest acuity demand, was further 
analysed to determine the visual acuity equivalent (as the logarithm of the minimum 
angle of resolution [logMAR]). The vertical heights of these targets and the 
maximum viewing distance that they were viewed from were used to calculate the 
highest acuity threshold demands within the various classrooms using the formula 
outlined in Pilot Study 1. The range of potential distance threshold acuity demands 
were also calculated based on the smallest and largest target sizes and shortest and 
longest viewing distances.  
 
The same approach was used to calculate the mean and the range of estimated near 
visual acuity threshold demands of the various tasks, using the estimated near 
working distance and the minimum target sizes presented for the near tasks. The near 
working distance was determined by taking an average of the working distances 
estimated (to the nearest 5cm) by both the PhD candidate and the additional observer 
while children were performing near work in each of the classrooms.  In addition, 
given that an ‗acuity reserve‘ of at least 2.5 times the threshold visual acuity is 
required for comfortable prolonged near viewing in children with normal vision 
(Lovie-Kitchin et al., 1994; Lueck et al., 2000), the near threshold acuity values were 
then converted to actual near visual acuity demands by subtracting 0.398 logMAR. 
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(iv) Contrast levels 
A calibrated photometer (Topcon Luminance Colorimeter BM7) was used to 
measure the luminance levels of various classroom learning materials (quantified in 
cd/m
2
). The 0.1º field size was used for all measurements. These values were then 
used to calculate the contrast demand based on Weber‘s formula (luminance contrast 
= Lbackground-Ltarget/Lbackground), which is typically used for non-periodic patterns such 
as letters on charts (Owsley, 2003). Luminance measurements were obtained at three 
intervals during the day; 9am, 12.30pm and 3pm (the start, middle and end of the 
school day), to quantify changes in the contrast requirements in a classroom 
throughout the day. The measurements at every time interval were conducted within 
a 20 minute time period. Contrast reserves were then calculated using the formula 
(contrast reserve = target contrast/contrast threshold) as suggested by Whittaker and 
Lovie-Kitchin (1993) using a standard contrast threshold of 0.03 (3%) for visually 
normal adults (Legge et al., 1987). The values used here are those published for 
adults as there is lack of data in the literature regarding contrast thresholds in 
children (Alabdulkader & Leat, 2010).   
 
(v) Classroom activities 
Learning activities were observed over the entire school day (from 9am to 3pm) in 
each of the classrooms and recorded using a hard copy diary on a minute-by-minute 
basis. Both the observers sat in an unobtrusive location in the classroom and were not 
involved in any of the children‘s activities. The diary recordings were used to 
quantify the amount of time children spent performing specific academic-based 
tasks. Analysis of the duration of these activities was used as an indication of the 
typical accommodation-vergence demands in a classroom environment, similar to 
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that undertaken in previous studies (Marr et al., 2003; McHale & Cermak, 1992). 
The activities were then classified into separate categories as outlined in Pilot Study 
2. Additionally, the frequency of distance to near fixation changes was also recorded. 
This observation was carried out in each classroom on about 35% of randomly 
selected children (an average of 10 students in each class). A summary of the 
observation protocol followed in each of the classrooms is summarised in Table 3-11 
below. 
 
Table 3-11: Timeline of observation protocols in each classroom  
Time Procedure Observer 
8.30-9.00am 
(before lessons 
begin) 
Evaluation of the physical layout of the classroom: 
1. Recording the general layout of the 
classroom in terms of the position of the 
windows, sources of lighting, students‘ 
table arrangements and the presence of 
computers or smart boards. 
2. Measurement of the length and width of 
the classroom as well as the maximum 
distance a child could be seated away from 
the whiteboard screen in each class using a 
measuring tape. 
3. First measurement of light levels using the 
lux meter conducted in the middle of each 
quadrant at the level of the students‘ table. 
4. First measurement of contrast of learning 
materials such as PowerPoint presentations 
(distance) or hard copy printed hand outs 
(near) using the photometer. 
PhD candidate 
9.00-10.35am 
(Learning 
Recording of classroom activities using a written 
diary. Habitual near working distances of students 
PhD candidate and 
additional observer 
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session) from the learning materials and the number of 
fixation changes were also estimated and recorded.  
10.35-11.00am 
(morning tea 
break) 
Evaluation of learning materials used in the 
classrooms. The vertical heights of targets of 
learning materials used both at distance and near 
were measured using a ruler. Digital photographs 
of the classroom layout/environment and learning 
materials were also taken. 
PhD candidate 
11.00am – 
12.30pm 
(learning 
session) 
Recording of classroom activities using a written 
diary. Habitual near working distances of students 
from the learning materials and the number of 
fixation changes were also estimated and recorded. 
PhD candidate and 
additional observer 
12.30-1.20pm 
(lunch break) 
1. Second measurement of light levels – lux 
meter. 
2. Second measurement of contrast of 
learning materials – photometer. 
3. Evaluation of learning materials used by 
measuring vertical heights of targets used 
both at distance and near. 
PhD candidate 
1.20 – 3.00pm 
(learning 
session) 
Recording of classroom activities using a written 
diary. Habitual near working distances of students 
from the learning materials and the number of 
fixation changes were also estimated and recorded. 
PhD candidate and 
additional observer 
3.00-3.30pm 1. Third measurement of light levels – lux 
meter. 
2. Third measurement of contrast of learning 
materials – photometer. 
3. Evaluation of learning materials used by 
measuring vertical heights of targets used 
both at distance and near. 
PhD candidate 
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3.7 INSTITUTIONAL ETHICS COMMITTEE AND EDUCATION 
DEPARTMENT APPROVALS 
Approval from QUT Research Ethics Committee was obtained in December 2012 
(QUT Ethics Approval Number: 1200000527). Permission to conduct research 
within Queensland state schools was also submitted to DETE prior to conducting the 
study and approval was granted in February 2013.  
 
3.8 STATISTICAL ANALYSIS 
Statistical analyses of Study 1 results were performed using SPSS version 21.0. The 
mean and standard deviation values were calculated for each of the classroom 
measures. One way analysis of variance (ANOVA) was performed to evaluate the 
variation in each of the classroom measures between the schools included in this 
study. Repeated measures ANOVA were also conducted to investigate the changes in 
contrast and illumination levels throughout a given day. The differences in visual 
demands between the two year levels (Year 5 and 6) were further analysed using 
independent t-tests, as it has been previously suggested that the association between 
visual function and academic performance may vary with the age of children 
(Borsting & Rouse, 1994). A p-value of less than 0.05 was considered statistically 
significant. 
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Chapter 4: Visual demands in modern 
primary school classrooms (Results) 
This chapter outlines the detailed findings of Study 1, which aimed to estimate the 
visual demands imposed upon children within modern primary school classrooms. 
The implications of the results for eye care practitioners and school authorities, as 
well as the strength and limitations of this study are discussed. 
 
4.1 RESULTS 
4.1.1 Classroom dimensions, shape and arrangements 
Thirty three classrooms from the eight schools (including seventeen Year 5, thirteen 
Year 6 and three combined Year 5/6 classes) were included in this study. On 
average, the observed classrooms were rectangular in shape (7.74 ± 0.79m long x 
6.97 ± 0.87m wide). The configuration of student‘s desks varied greatly between 
classrooms; however, all were equipped with a chalk board or white board, a smart 
board and computers. Windows were generally located on either one or both of the 
side walls, but there were large variations in their exact position in every classroom. 
Each classroom was occupied by an average of 27 ± 2 students (range: 22 to 30) and 
one teacher.  
 
Table 4-1 summarises the mean dimensions of the 33 classrooms, the maximum 
distance a student could be seated from the board and space allocation (total area of 
classroom divided by the number of students) for each individual student, and the 
results of the statistical analysis. One way ANOVA revealed a significant variation in 
classroom dimensions and space allocation per student between the schools, but the 
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maximum distance a student could be seated from the board was not significantly 
different between classrooms. The 33 classrooms were categorised into four main 
layout groups according to the positioning of the student and teacher desks, 
computers and the smart board (Figure 4-1) but does not take into account direction 
facing the sun or other variables which would increase the number of layout 
categories. Figures 4-2 and 4-3 include photographs of some of the actual settings of 
the classrooms included in this study. 
 
Table 4-1: Mean (standard deviation) dimensions, working distances and space 
allocation for students in the 33 observed classrooms and the results of the one way 
ANOVA (between schools; n=8). 
Classroom dimensions Mean (SD) Range F(7,25) (p values) 
Length (m) 7.74 (0.79) 6.68 – 9.22 8.89 (<0.0001) 
Width (m) 6.97 (0.87) 6.36 – 9.40 23.97 (<0.0001) 
Maximum distance (m) 6.53 (0.51) 5.70 – 7.78 1.09 (0.40) 
Space allocation per 
student (m
2
) 
2.00 (0.36) 1.49 – 2.89 14.40 (<0.0001) 
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Layout 1 (n=12)     Layout 2 (n=7) 
 
 
    
 
 Layout 3 (n=7)     Layout 4 (n=7) 
 
 Figure 4-1: Typical layouts of the observed classrooms  
(Dimensions scale: 1m = 1cm) 
 
Key: 
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Figure 4-2: Examples of classroom settings illustrating differences in student seating 
arrangements and position of the white/smart boards. 
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Figure 4-3: Examples of classroom settings illustrating differences in student seating 
arrangements and position of the white/smart boards.  
 
 
 
 
 
 
 98 Chapter 4: Visual demands in modern primary school classrooms (Results) 
4.1.2 Classroom illumination 
Mean illumination levels for each quadrant over the course of a single school day 
and the results of the statistical analysis are summarised in Table 4-2. Repeated 
measures ANOVA (quadrant position (n=5) x time of day (n=3)) revealed that 
illumination levels varied significantly with quadrant position (p<0.001) and time of 
day (p<0.001) with the lowest illumination levels observed in the front section of the 
classroom (Q1) later in the day (3pm). However, the inter-school differences were 
not consistent across time of day or classroom locations. Figure 4-4 shows the mean 
illumination level (for all classrooms) for every quadrant over the day. Illumination 
levels varied greatly within each classroom at every measurement point, with some 
of these values falling below the minimum Australian Standards recommendation 
(240 lux). Throughout the day, the percentage of classrooms (considering all 
quadrants) with illumination levels below 240 lux was consistent; 9am (7%), 
12.30pm (8%) and 3pm (10%). However, examining each quadrant individually 
revealed that lighting levels in Q1 were more often below the recommended level; 
Q1 (25%), Q2 (1%), Q3 (8%), Q4 (4%) and Q5 (4%). 
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Table 4-2: Mean (standard deviation) illumination levels in each quadrant of the 33 
observed classrooms and the results of the one way ANOVA (between schools; n=8).  
Time 
Classroom 
location 
Illumination (lux) F(7,25)  
(p values) Mean (SD) Range 
9am 
Q1 324.56 (92.27) 160 – 569 2.05 (0.09) 
Q2 530.43 (197.10) 252 – 1224 2.67 (0.03) 
Q3 514.15 (173.75) 224 – 899 1.52 (0.21) 
Q4 542.35 (205.81) 221 – 1182 3.06 (0.02) 
Q5 516.06 (174.51) 224 – 873 2.98 (0.02) 
12.30pm 
Q1 323.90 (106.09) 152 – 586 1.81 (0.13) 
Q2 532.06 (202.16) 247 – 1130 2.85 (0.03) 
Q3 494.38 (168.93) 212 – 865 1.60 (0.18) 
Q4 536.43 (217.97) 235 – 1103 5.02 (0.001) 
Q5 496.39 (151.80) 212 – 763 2.46 (0.05) 
3pm 
Q1 291.93 (91.09) 130 – 535 2.26 (0.03) 
Q2 498.84 (196.64) 220 – 1095 1.62 (0.18) 
Q3 461.11 (154.94) 198 – 752 1.58 (0.19) 
Q4 482.13 (173.34) 233 – 954 2.23 (0.07) 
Q5 473.76 (144.16) 216 – 744 1.97 (0.10) 
 
 
Figure 4-4: Mean illumination levels throughout a school day for the five quadrants 
(data presented is the mean of 33 classrooms and error bars represent the standard 
error of the mean). 
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4.1.3 Visual acuity demand determination 
Various types of learning materials were used in each classroom. Presentations on 
the smart board and the teacher‘s writing on the chalk or white board were generally 
used for distance tasks, while printed materials or workbooks were used for near 
tasks. The maximum visual acuity threshold demands were calculated using the 
habitual viewing distances and smallest resolvable component of the distance or near 
targets (smallest lower case letter height); the range of acuity demands from the 
highest (smallest target and longest working distance) to lowest demand (largest 
target and shortest working distance) were also included. The near threshold values 
were converted to the actual near visual acuity demands assuming an acuity reserve 
of 2.5 times the threshold for children (subtracting 0.398 logMAR). The mean of the 
smallest target size, working distances and calculated visual acuity threshold and 
actual demands for all 33 classrooms and the results of statistical analyses are 
presented in Table 4-3. The average of the near working distance estimation by both 
the PhD candidate and additional observers were used for analysis given the good 
inter-observer agreement reported in Chapter 3. It can be seen that the target sizes 
used for distance tasks varied to a greater extent than those used at near which 
resulted in greater variation in the distance acuity demand. One way ANOVA (n=8) 
showed that there was significant variation between schools in terms of the target 
sizes of learning materials used and thus the visual acuity demands. 
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Table 4-3: Summary of the mean (standard deviation) target sizes, working distances 
and visual acuity threshold and actual demands and the results of the one way 
ANOVA (between schools; n=8). 
 
Variable Mean (SD) Range F(7,25) (p-values) 
Smallest distance target size  (mm) 21 (7) 10 – 48 3.86 (0.01) 
Smallest near target size  (mm) 2 (0) 1 – 3 3.59 (0.01) 
Maximum distance student seated (m) 6.53 (0.51) 5.70 – 7.78 1.09 (0.40) 
Estimated near working distance (cm) 22.89 (1.27) 20.50 – 25.25 4.59 (0.002) 
Maximum distance acuity threshold 
demand (logMAR) 
0.33 (0.13) 0.06 – 0.64 4.57 (0.002) 
Mean estimated habitual near acuity 
threshold demand (logMAR) 
0.72 (0.09)  0.48 – 0.87 5.50 (0.001) 
Mean estimated habitual near acuity 
actual demand (logMAR) 
0.33(0.09) 0.08 – 0.47 5.50 (0.001) 
Note: visual acuity threshold demand – the minimum required resolution 
          Near visual acuity actual demand – required resolution with 2.5X reserve 
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4.1.4 Contrast levels 
The mean contrast levels and reserves for distance and near materials are 
summarised in Table 4-4. While the contrast levels of the learning materials used at 
distance and near reduced gradually throughout the day, repeated measures ANOVA 
(position of material (n=2) x time of day (n=3))  showed that this decrement was not 
statistically significant (p>0.05). Figure 4-5 shows the changes in the contrast of 
learning materials used at distance and near over the course of a day. It can be seen 
that the contrast levels at distance were higher than near at all times, however, this 
was not statistically significant (p>0.05). Similar to illumination levels, contrast 
values also showed wide variation between classrooms, however, the between school 
differences were not statistically significant (one way ANOVA; n=8). 
 
 
Figure 4-5: Mean contrast level of learning materials in a school day (error bars 
represent the standard error of the mean) 
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Table 4-4: Mean (standard deviation) and range of distance and near contrast levels (%) and mean and range contrast reserve (ratio) 
throughout a school day and the results of the one way ANOVA (between schools; n=8). 
 
 
Time 
Position of 
material 
Mean (SD) 
(%) 
Range (%) 
F(7,25)  
(p-values) 
Mean contrast 
reserve 
Contrast 
reserve (range) 
9am 
Distance 81.53 (12.44) 60 - 97 0.71 (0.66) 27:1 20:1 – 32:1 
Near 79.79 (9.30) 64 - 95 0.36 (0.92) 27:1 21:1 – 32:1 
12.30pm 
Distance 78.12 (11.76 53 - 98 0.74 (0.64) 26:1 18:1 – 33:1 
Near 76.36 (8.98) 61 - 91 0.44 (0.87) 25:1 20:1 – 30:1 
3pm 
Distance 75.36 (11.54) 49 - 95 0.92 (0.51) 25:1 16:1 – 32:1 
Near 72.75 (8.81) 58 - 87 0.38 (0.91) 24:1 19:1 – 29:1 
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4.1.5 Learning activity diary analysis 
In a typical school day of approximately 6 hours in duration, 70% of the time (263 
± 37 minutes) was spent performing academic-related tasks that involved visual 
input. The remaining 30% of the time was spent on non-academic tasks such as 
lunch breaks and transition times between lessons. The academic-related tasks 
included distance, near, distance to near and computer tasks. Near activities (47%) 
were the predominant types of tasks performed in the majority of classrooms over 
the period of observation, followed by distance tasks (29%), distance to near tasks 
(15%) and computer based tasks (9%). Students were required to sustain continuous 
near and distance fixation for an average (±standard deviation) of 23 ± 5 minutes 
and 18 ± 5 minutes respectively. These sustained activities included continuous 
reading or tests at near and watching videos on smart boards from a distance. 
During distance to near tasks, such as copying from the board, students performed 
fixation changes 10 ± 1 times per minute. Figure 4-6 summarises the average time 
spent completing four different types of activities in these classrooms. One way 
ANOVA (n=8) revealed that the percentage of time allocated for each of the 
individual learning tasks did not differ significantly between schools (p>0.05). 
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Figure 4-6: Mean time spent on different classroom tasks in a typical school day 
(error bars represent standard error of the mean). 
 
 
4.1.6 Comparison of visual demands between Year 5 and 6 
The three year 5/6 combination classes were excluded from this analysis leaving 30 
remaining classrooms (Year 5 (17) and Year 6 (13)). Table 4-5 displays the results 
of a series of  independent t-tests, which revealed no significant differences in terms 
of the visual demands between the two year levels except for the amount of time 
spent on computer tasks (p=0.04). Children in Year 6 spent more time on computer 
based activities during a typical school day (an average of 0.33 minutes or 
approximately 20 seconds more) compared to those in Year 5. Given the limited 
differences between the two year groups, we have discussed the visual function 
requirements in primary school children considering all year 5, 6 and 5/6 classes 
together.  
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Table 4-5: Comparison of visual demands and task durations between Year 5 and 6 
classrooms 
 
Variables 
Mean (SD) 
p-value Year 5 
(n = 17) 
Year 6 
(n = 13) 
Smallest distance target size  (mm) 22 (8) 23 (6) 0.54 
Smallest near target size  (mm) 2 (0) 2 (0) 0.95 
Maximum distance student seated (m) 6.48 (0.43) 6.59 (0.63) 0.14 
Estimated near working distance (cm) 23 (2) 23 (1) 0.74 
Maximum distance acuity threshold 
demand (logMAR) 
0.34 (0.13) 0.37 (0.10) 0.25 
Mean estimated habitual near acuity 
threshold demand (logMAR) 
0.75 (0.07) 0.71 (0.09) 0.08 
Mean estimated habitual near acuity 
actual demand (logMAR) 
0.35 (0.07) 0.31(0.09) 0.08 
Distance contrast 
level (%) 
9am 80.41 (12.16) 80.43 (13.42) 0.81 
12.30pm 76.36 (11.91) 77.97 (12.03) 0.98 
3pm 73.55 (11.89) 75.49 (11.65) 0.80 
Near contrast 
level (%) 
9am 80.34 (9.47) 79.20 (9.84) 0.98 
12.30pm 77.12 (9.01) 75.56 (9.63) 0.85 
3pm 73.12 (8.66) 72.54 (9.26) 0.74 
Distance task (minutes) 77 (30) 78 (20) 0.61 
Near task (minutes) 125 (28) 122 (30) 0.83 
Computer task (minutes) 24 (7) 24 (10) 0.04* 
Distance to near task (minutes) 39 (15) 39.1 (9) 0.05 
General tasks (minutes) 108 (15) 109 (18) 0.41 
   *p<0.05 
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4.2 DISCUSSION 
This is the first study to provide a comprehensive evaluation of the levels of visual 
skills required by children in a modern classroom setting. These findings indicate 
that a considerable amount of learning activities (70% of the time in the classroom) 
involve visually-based tasks. These included activities such as reading, writing, 
copying notes from the board, watching the teacher‘s demonstrations or audio-visual 
presentations on a smart board, and near work involving computers. These findings 
provide evidence to support  previous studies which have anecdotally suggested that 
vision has an integral role (occupying up to 80% of the time) in the learning process 
at school (Garzia, 2006; Hellerstein et al., 2001; Walline & Carder, 2012).  
 
The physical characteristics of classrooms, such as size and illumination levels, have 
been suggested to be important factors for learning in schools based on the 
assumption that a comfortable environment facilitates better functional performance 
(Suleman et al., 2014). However, there is limited evidence regarding what constitutes 
an optimum classroom size with respect to vision and learning. Classroom size 
requirements differ between countries. Some countries use size as a measure of 
physical dimensions, while others use the student/teacher ratio or number of students 
as an indirect indication of classroom size (Schneider, 2002). Existing 
recommendations on optimal classroom dimensions vary greatly between countries; 
95m
2 
in the USA (Tanner, 2000) compared to 56m
2
 to 70m
2 
in the UK (Department 
of Education UK, 2005). 
 
Currently, there are no specific guidelines for classroom dimensions for primary 
schools in Australia. Therefore, it is not possible to determine if the average 
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dimensions (7.74m long x 6.97m wide) obtained from the sample of classrooms 
included in this thesis comply with Australian standards. The absence of specific 
standards for classroom dimensions could also explain the significant variation in 
classroom sizes between the schools observed in this study. However, Queensland 
DETE uses the number of students in a class as an indication of classroom size and 
proposed an average of 28 students per class as optimal for Year 4 to 7 classrooms 
(DETE, 2013). The findings of this study show that these selected state primary 
schools in Brisbane are generally compliant with this requirement with an average of 
27 students in each class. In comparison to a USA-based study (Ritty et al., 1993) 
which investigated the dimensions of classrooms for children of similar school 
grades (8.99m long x 8.84m wide), the classrooms included in this Australian-based 
study are approximately 30% smaller in size. Classrooms in the USA also had more 
space allocation for students (3m
2
/student) compared to that measured in the current 
study (2m
2
/student).  
 
Optimal classroom illumination may also contributes to students performance in 
school, as lighting has been suggested to impact on elements such as vision, mood 
and cognition (Phillips, 1997). Unsuitable lighting, either insufficient or excessive, or 
poorly positioned light sources may lead to ocular discomfort and impact on the 
ability of students to perform academic tasks (Amasuomo & Alio, 2013). The role of 
illumination is even more important in modern classroom settings which include the 
use of smart boards and computers, as these are prone to reflections or glare in the 
presence of excessive ambient illumination (Blehm et al., 2005). Australian 
Standards (1994) state that a regular school classroom should have a minimum 
illumination level of 240 lux. The mean illumination levels recorded in the current 
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study generally complied with this recommendation at all times of the day and for all 
classroom locations. Interestingly, the front section of every classroom had the 
lowest illumination levels compared to other sections at all times, which is consistent 
with previous research (Ritty et al., 1993). The reason for this could be to reduce 
potential reflective lighting or glare (increase contrast) as white or smart boards are 
usually located in the front section of the classroom. However, there was a large 
variation in illumination levels recorded in each classroom at every time point, with 
some of these values falling below the recommended level. This could be attributed 
to the fact that there were considerable differences in window positioning and 
coverings (blinds or curtains) in all of the classrooms included in this study, which 
affects the amount of natural daylight in the classroom. In addition, the variations in 
daily weather conditions during observation periods may also have had an impact on 
the measured illumination levels; higher levels would have been recorded on clear 
compared to cloudy days. In order to obtain information regarding weather 
conditions during the course of the classroom data collection, the data on global solar 
exposure was obtained from Australian Bureau of Meteorology. Throughout the data 
collection period, the mean (SD) global solar exposure for Brisbane was 16.22 (6.68) 
MJ/m
2
, with a range of 3.40 to 30.60 MJ/m
2
 (Australian Bureau of Meteorology, 
2013). It was also found that the illumination levels significantly reduced throughout 
the day, especially between the first (9am) and the last (3pm) measurements. 
 
Good visual acuity has been suggested to be an important visual function required by 
children to perform the daily learning tasks in school, with greater emphasis always 
placed on distance acuity (Hellerstein et al., 2001). In contrast, this study‘s findings 
demonstrated that the visual acuity requirements should extend to both near and 
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distance acuity, given that near work tasks constitute the most frequent type of 
academic activity performed daily in classrooms. Children regularly need to be able 
to accurately resolve information presented both at distance and near. The distance 
(0.33 logMAR) and near (0.72 logMAR) threshold visual acuity demands found in 
this study are similar to those reported by Langford and Hug (2010); 0.37 logMAR 
for distance and 0.73 logMAR for near in a single Year 5 classroom. These findings 
also showed that the distance acuity threshold was always greater than near in all 
classrooms included in this study. While both distance and near visual acuity 
demands varied significantly between schools, greater variation was seen in the 
distance visual acuity (0.06 – 0.64 logMAR) requirement compared to near (0.48 – 
0.87 logMAR). This could possibly be explained by differences in individual 
teacher‘s handwriting when presenting learning materials on the white or black 
board. 
 
Importantly it has been suggested that an individual‘s habitual visual acuity should 
be substantially better than the minimum required level or demand, especially when a 
task needs to be sustained for a longer period or when fluent reading is required; this 
is known as acuity reserve (Cheong et al., 2002; Lueck et al., 2000; Whittaker & 
Lovie-Kitchin, 1993). Previous studies proposed that an acuity reserve of at least 2.5 
times is required for children to ensure optimum reading performance even in 
normally sighted individuals (Lovie-Kitchin et al., 1994; Lueck et al., 2000). Based 
upon this recommendation, the mean near visual acuity requirement for children 
aged 10 to 12 years old for fluent or sustained reading in this study was found to be 
0.33 ± 0.09 logMAR. Consideration of visual acuity reserve in school children is 
important given that sustained near work (23 minutes) was found to be an integral 
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component of daily classroom activities in this selected sample of classrooms. This 
finding has important implications for the visual acuity cut-off criteria for school 
vision screenings as the current widely used referral criteria of worse than 0.3 
logMAR (6/12) (Chen et al., 2011; Goh et al., 2005; Robaei et al., 2005b) may not 
accurately identify children who may be disadvantaged in a modern classroom 
setting.    
 
This is also the first study to evaluate contrast levels of the learning materials used in 
primary school classrooms which were 70% and above on average which would be 
considered to be at ‗moderate‘ levels (Owsley, 2003).  However, as with illumination 
levels, there was also a wide variation in the contrast of learning materials used both 
at distance and near at every measurement time point, with some of these materials 
having contrast levels as low as 50%. This can be attributed to the fact that 
luminance measurements, which were used to calculate the contrast of learning 
materials, are dependent on ambient illumination levels (Cox et al., 1999). Therefore, 
any variation in classroom illumination would also impact on the contrast 
measurements, particularly for smart board and computers.  
 
As for acuity reserve, the contrast reserve also influences functional performance, 
with any drop in reserve below 20:1 resulting in a reduction in reading rate 
(Whittaker & Lovie-Kitchin, 1993). Low contrast reserve (below 3:1) has also been 
linked to abrupt decreases in reading accuracy in adults (Stone et al., 1980). 
However, limited evidence exists regarding the optimum contrast requirement 
particularly in children (Alabdulkader & Leat, 2010). The findings of the current 
study indicate that the contrast levels of learning materials used in these modern 
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primary classrooms were typically above the 20:1 reserve requirement, except for 
two classrooms from different schools (6% of observed classrooms). These lower 
contrast reserves were mainly evident for distance learning materials which could be 
attributed to the use of poor contrast presentations on the smart board. However, the 
reserve values obtained in this current study would only be obtained by children with 
normal vision with contrast sensitivity thresholds of about 0.03 (3%) (Legge et al., 
1987). The contrast sensitivity threshold of children with visual impairment may be 
reduced, resulting in lower contrast reserves which may subsequently lead to 
difficulty in resolving relevant targets (Whittaker & Lovie-Kitchin, 1993).  
 
Analysis of classroom activities revealed that the majority of the learning activities 
conducted during the classroom observations were those involving near fixation 
(47%), including reading and writing based tasks. This was followed by distant tasks 
(29%), distance to near tasks (15%) and computer tasks (9%). These findings differ 
slightly from those reported by Ritty et al. (1993); near (54%), distance (25%), 
distance to near (21%). These slight differences may be attributed to the fact that 
Ritty et al. (1993) did not include a computer task category, given that computers 
were not a mainstream classroom educational device at the time of that study. In 
addition, changes in the current school curriculum as compared to 20 years ago may 
also relate to this, such as the inclusion of modern technology instruments (smart 
boards and computers) in current classrooms. The results of the current study also 
demonstrated that the percentage of time allocated for each of the individual learning 
tasks did not vary significantly between schools. This could be attributed to the fact 
that all the schools included in this study, which are regulated by DETE, follow a 
similar education curriculum. 
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The average estimated near habitual working distance observed in this study (an 
average of 23cm) indicates an accommodative demand of approximately 4 D. It has 
been suggested that as a clinical rule of thumb, the accommodative amplitude should 
be at least twice the dioptric equivalent of the near fixation distance for comfortable 
sustained near work (Grosvenor, 1996). Therefore, children should have a minimum 
amplitude of accommodation of 8 D to perform efficiently in the classroom. The 
mean binocular amplitude of accommodation expected for children in this age group 
(10 to 12 years) is approximately 12 D (Jimenez et al., 2003), which suggests that 
children in Years 5 and 6 with a normal visual profile would have ample 
accommodative reserves to perform near work efficiently even for prolonged 
periods. 
 
The current study also demonstrated that children were often required to smoothly 
change focus from distance to near (approximately 10 times per minute from a 
distant [0.15 D accommodative demand] to a near point [4 D accommodative 
demand]) in order to perform activities such as copying from the white or smart 
board. This places demand on accommodative facility, the ability to quickly change 
accommodation between distance and near focus (Junghans et al., 2002). Another 
component of binocular vision which may be of importance for children‘s 
performance in school classrooms is vergence. Using the mean distance and near 
estimated working distances and the average pupillary distance for children of this 
age group (56mm) (MacLachlan & Howland, 2002), the mean vergence demand for 
children in this study is estimated to be 0.86 ± 0.07∆ at distance and 21.94 ± 1.09∆ at 
near. Furthermore, children must also be able to smoothly converge and diverge 
during fixation changes from distance to near, which also highlights the importance 
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of vergence facility. Considering the normative data for these binocular vision 
parameters in children of this age group (10 to 12 years), it could be suggested that 
children with normal binocular function (within the clinically accepted range for 
their age) will be able to cope with these visual demands placed on the 
accommodation-vergence system for short-term based tasks; binocular 
accommodation facility (11 cycles per minute), vergence facility (14 cycles per 
minute), near fusional reserve break/recovery (base out:17/12∆, base in:10/7∆), 
distance fusional reserve break/recovery (base out:17/12∆, base in:7/4∆) (Jimenez et 
al., 2004; Junghans et al., 2002).  
 
The findings of this study also showed that sustained near work was an important 
aspect of daily classroom learning activities. Children were required to maintain near 
fixation continuously for an average of 23 ± 5 minutes at a time, which is 
significantly longer than reported previously (16 minutes) (Ritty et al., 1993). 
Activities that require sustained near fixation included examinations and continuous 
near reading or writing tasks. Therefore, the demands placed on the visual system, in 
particular on the accommodation and vergence systems, may further increase when 
the effort needs to be sustained for an extended period of time. Collectively, these 
findings indicate that a well-functioning binocular system is an important 
requirement for children to enable them to perform learning tasks efficiently. 
However, studies have shown that non-strabismic binocular dysfunctions are 
common among school children, with accommodation and convergence insufficiency 
reported as being most prevalent, affecting up to 18% of paediatric populations 
(Cacho-Martínez et al., 2010). Therefore, given the emphasis placed on the 
accommodation and vergence components by learning activities conducted in a 
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modern classroom, any dysfunction of the binocular vision system may impact 
negatively on school performance. This necessitates the need for early detection and 
remediation of any binocular vision problems in school-aged populations which 
could be achieved through comprehensive vision screening programmes.  
 
Modern technologies have become an integral part of daily learning in modern 
classrooms (Verma, 2001). Smart boards were found in every classroom in this 
study, replacing the traditional use of black boards. While Ritty et al. (1993) did not 
report on the use of computer-based tasks in the classroom, the current study showed 
that about 9% of the total daily academic activities in modern classrooms rely on the 
use of computers (mainly desktops and in some instances laptops). Computer-related 
activity occurred for periods of up to 40 minutes during each session. The use of 
modern technologies such as computers has been reported to place greater demand 
on the visual system due to differences in the working distance, viewing angle and 
the display quality as compared to using hard copy materials (Rosenfield, 2011). 
Targets appearing on these screens usually lack sharp edges compared to printed 
materials, resulting in added difficulty in resolving targets (Bali et al., 2014). Poor 
contrast between the targets and background, which becomes worse in the presence 
of glare and screen reflections, also places more strain on the visual system (Bali et 
al., 2014). Lower resolution targets may also provide less efficient stimuli for the 
accommodation system resulting in lower accuracy and a greater lag of 
accommodation (Swee Chai et al., 2012). Despite having a longer viewing distance 
(approximately 60cm) which reduces the accommodative demand, other factors such 
as the different viewing angles, as well as the need for frequent changes in eye 
movements across the screen or from the key board to screen, places additional 
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demands on the visual system, compared to reading printed materials (Thomson, 
1998). Studies have shown that even minor visual problems such as low levels of 
uncorrected refractive errors (0.50 to 1.00 D of either spherical or astigmatic error) 
may potentially result in difficulty performing computer-based tasks comfortably in 
adults (Daum et al., 1988; Wiggins & Daum, 1991; Wolffsohn et al., 2011). 
 
The demands placed on a child‘s visual system in school classrooms have been 
suggested to differ according to the child‘s age group (Borsting & Rouse, 1994).  
However, there were no significant differences in the level of visual demand placed 
on children for the two year levels included in this study, except for the amount of 
time spent on computer-based activities. Children in Year 6 spent longer on 
computer based tasks compared to those in Year 5; however, this difference (less 
than 20 seconds per day) is too small to be considered functionally significant. The 
similarity observed in the visual demands could be attributed to the fact that children 
in Year 5 and 6 are both in the ‗reading to learn‘ stage, where the focus is more on 
the ability to obtain information from the reading process (Scheiman & Rouse, 
2006).  
 
An important strength of the current study was the inclusion of a large number of 
schools and classrooms, which provide data from a range of different classroom 
settings. This study also comprehensively evaluated a wide range of visual 
parameters that have been proposed to be important for children to perform well 
academically. Additional observers were also included to establish reliability of the 
observation protocol used for this study. However, as with any study there are some 
limitations involved in the methodological approaches employed. While a large 
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number of schools were included in this study, these were all state schools and 
generally located in urban regions (skewed towards higher socio-economic areas). It 
would have been ideal to include a wider range of schools, including those in rural 
and lower socio-economic regions. However, while schools from a wider range of 
socio-economic as well as geographic locations were approached to participate, the 
response rate was generally poor from these schools. It would also have been 
interesting to include private schools in addition to public schools, given that 
facilities may vary depending on these factors (Alimi et al., 2012). However, it was 
not possible to involve private schools since each private school is managed by their 
own administration team, which may have necessitated a separate ethics application 
for each school.  
 
Furthermore, the classrooms included in this study were limited to two schooling 
levels (Years 5 and 6), which may limit the extent to which the results of this study 
can be generalised to other year levels, particularly those in the early school years 
that have different visual requirements to those of older children who are in the 
‗reading to learn‘ stage (Borsting & Rouse, 1994). The findings of this study also 
may not fully reflect the visual demand of older children (in middle through high 
school) given potential differences in the nature of the learning environment and 
required tasks and the inclusion of more extensive computer-based tasks and more 
sustained near work. In addition, the findings may not be directly applicable to 
students in schools from other Australian states as each is regulated by different 
education departments. The findings reported here were obtained from a single day 
of observation in each classroom (but at 3 different time points for a range of 
parameters assessed). Multiple observations would have been ideal to examine the 
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repeatability of the observation protocols (learning activities), changes in 
illumination and contrast levels with regard to variations in weather and seasons, as 
well as to investigate the variability of the visual demands placed on children on 
different schooling days. However, this approach was not feasible for this study due 
to time limitations, as the majority of data collection procedures were conducted by 
the PhD candidate alone, despite the presence of additional observers. In addition, a 
number of the parameters included in this study were determined through estimation 
or observation approaches due to methodological (ethical) constraints, which did not 
allow direct interaction with the children. Another potential limitation is that the 
learning activities were classified based on visual components alone (i.e. distance, 
near, distance to near and computer tasks), while other sensory input such as auditory 
cues were not taken into consideration. Therefore, while 70% of academic activities 
in the classroom observed in this study were based on visual input, the majority of 
these activities may have also included some other sensory input. Future studies 
should take other sensory input into consideration when defining the various learning 
activities. 
 
4.2.1 Implications for clinical practise 
There are a number of important clinical implications arising from this study. 
Collectively, the results indicate that learning activities in modern school classrooms 
pose multiple demands on a child‘s visual system, and these demands are not limited 
to the ability to resolve high contrast targets/objects at distance and near, but also 
require children to sustain accurate accommodative focus and vergence alignment, 
exhibit smooth control of eye movements and to flexibly change focus from different 
distances. Another important aspect is the ability to maintain comfortable near 
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fixation for prolonged periods of up to 30 minutes at a time, which led to higher than 
expected visual demands placed on the children‘s visual system. 
 
Therefore, awareness must be increased among eye care practitioners regarding the 
importance of a well-developed visual system (with all visual parameters including 
accommodation and vergence being within the clinically normal range for that age- 
group) for efficient functioning in a classroom. Currently, there are very few 
evidence-based published guidelines available to inform management approaches for 
practitioners, which has contributed to inconsistencies in clinical management 
(Donahue, 2007; O'Leary & Evans, 2003). This information on visual demands in a 
primary school environment will provide guidance to eye care practitioners when 
prescribing optometric interventions for visual problems such as low refractive errors 
and non-strabismic binocular anomalies in children. Given that the threshold for 
distance visual tasks in modern classrooms was calculated to be 0.3 logMAR, 
children with lower levels of uncorrected refractive errors which reduce vision below 
this level would potentially benefit from refractive correction. This equates to 
approximately 1.00 D of myopia or manifest hyperopia and 1.50 D astigmatism 
(Rabbetts, 2007b). Children who display an impaired accommodative or vergence 
profile, such as binocular amplitudes of accommodation less than 8 D, or 
accommodation and vergence facility less than 10 cycles per minute should be 
considered for vision therapy to ensure they have sufficient reserves to meet the 
demands placed on the visual system. This study also serves to strengthen the 
importance of a comprehensive assessment of the visual system which includes 
evaluation of refractive status as well as binocular vision parameters when examining 
school children, which is in line with the recommendations by the American 
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Optometric Association (2008a). The findings of the current study may also be used 
by advocacy groups in Optometry to provide similar clinical guidelines for paediatric 
vision assessment in Australia. 
 
There are also aspects of this study which can inform public health policy, in 
particular paediatric vision screening practices. Currently, there is wide disagreement 
regarding the optimal vision screening protocols worldwide (Gallaway & Mitchell, 
2010; Hopkins et al., 2013). These findings regarding the visual requirements of 
primary school children highlight the importance of more thorough school vision 
screening protocols, which should include a comprehensive binocular vision 
assessment (accommodation and vergence parameters) to identify children whose 
visual system is not adequate to meet the demands of modern primary classrooms. 
This is crucial given that academic tasks in modern classrooms depend on a variety 
of visual functions which are not always included in vision screening batteries, such 
as accommodation (amplitude, facility) and vergence (reserve, facility) components. 
The traditional vision screening is largely targeted at detecting visual conditions 
which require treatment during the critical visual developmental period, including 
amblyopia and its related risk factors (strabismus, anisometropia and media 
opacities) (Kerr & Arnold, 2004). Therefore, screenings are generally conducted at 
school entry age (pre-school), comprising tests such as monocular/binocular visual 
acuity assessment, ocular alignment evaluation and in some cases refractive error 
measurement, while binocular vision parameters are rarely included. This method of 
vision screening is not sufficient to detect vision disorders such as refractive errors 
that do not result in significant acuity reduction (latent hyperopia, mild astigmatism 
or some forms of anisometropia) or non-strabismic binocular disorders. These vision 
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problems are common in paediatric populations and have been associated with below 
average academic performance (Rosner, 1997; Simons & Grisham, 1987). Therefore, 
early detection and treatment of these problems may minimise any potential 
functional disadvantage which may be encountered by affected children. The current 
study‘s findings of a high reliance on visual acuity, contrast demand and 
accommodation and vergence demand sustained for prolonged period in the 
classroom also supports the suggestion by Logan and Gilmartin (2004) that school 
vision screening should be repeated at about 11 years of age.  
 
The findings of the current study also provide evidence for a more definitive and 
improved pass/fail criteria for paediatric vision screenings as currently there are no 
uniformly accepted cut-off criteria for referral for further optometric assessment 
(Hopkins et al., 2013). For instance, studies typically use distance visual acuity of 
worse than 6/12 (0.3 logMAR) (Chen et al., 2011; Goh et al., 2005; Robaei et al., 
2005b) as the definition of reduced acuity requiring further investigation. The 
findings of this study indicate that children aged 10 to 12 years require a distance 
visual acuity of 0.33 logMAR with a range from 0.06 to 0.64 logMAR to perform 
learning activities in a modern classroom setting. These levels of demand can be 
considerably greater that of the current widely accepted referral criteria of 0.3 
logMAR. In addition, children in Years 5 and 6 also require a minimum of 8 D 
binocular amplitude of accommodation, 10 cycles per minute of accommodation and 
vergence facility and fusional reserves to be within the clinically accepted range for 
their age. These findings collectively suggests that it is pertinent to revise the current 
referral criteria for paediatric vision screening to ensure children with even mild 
vision anomalies can be identified and provided with optometric intervention as 
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appropriate to assist them in coping with the high visual demands imposed in modern 
school classrooms. 
 
4.2.2 Implications for school authorities and teachers 
The findings of this study indicating that almost three quarters of classroom learning 
activities rely on visual input suggests that visually based tasks are an integral part of 
primary school education. These demands on a child‘s visual system are largely a 
function of the classroom physical environment, learning materials used as well as 
the type of daily academic activities undertaken (Ritty et al., 1993). These findings 
should be highlighted to teachers and school authorities, who play a major role in 
planning and implementation of education curriculum in schools. This could be 
achieved by disseminating the results of this study to schools through education 
authorities such as DETE.  
 
Modifications in the planning of classroom activities may potentially assist in 
reducing the demand placed on the visual system and provide a more comfortable 
environment for learning to take place. Teachers should take into account factors 
such as the text size, colour and contrast levels when preparing learning materials, 
both printed or computer-based (e.g. presentations on smart boards), to ensure that 
these materials have high resolution, adequate print size and contrast. These 
materials should be prepared as black print on a white background to provide 
maximum contrast, while text sizes should be considerably larger than the threshold 
of visual acuity (0.33 logMAR for distance and 0.72 logMAR for near) given the 
wide range in target sizes and working distances evident in modern classroom 
settings. Adjustment of learning materials by teachers, particularly in terms of text 
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size is imperative given that the results of Study 1 indicated that a relatively high 
visual acuity demand is imposed on Year 5 and 6 children, especially when the 
learning tasks need to be sustained for prolonged periods. This adjustment would be 
highly beneficial for children, even those without any significant vision problems. 
 
Student seating arrangements in classrooms should provide comfortable and clear 
viewing at all times. For example, the position of white or smart boards and 
computers should be away from direct light sources to reduce possible glare and 
reflections (Blehm et al., 2005). In addition, illumination levels in the classroom, 
which vary greatly throughout the day, should also be taken into consideration. 
Teachers should ensure that lighting levels are appropriate, depending on the tasks 
being performed, by modifying either the artificial (turning on or off the lights) or 
natural (using blinds or curtains) light sources, whichever is appropriate or possible. 
For example, activities involving smart boards or computers may require reduced 
illumination levels as compared to reading hard copy materials as these are more 
prone to reflection and glare from excessive ambient lighting.  
 
In addition to these suggested modifications of the classroom environment and 
learning activities, teachers or school staff could potentially identify students who 
demonstrate reading or learning difficulties and refer them for comprehensive 
optometric examinations. The common behavioural signs related to difficulties in 
performing school work that could indicate vision-related problems include; 
avoidance of near work, fatigue after a short period of reading or writing, reports of 
headache or ocular discomfort particularly during sustained visual based tasks and 
difficulty in performing copying tasks (Scheiman & Rouse, 2006). 
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The high reliance of classroom activities on visual inputs also raises an important 
issue regarding providing appropriate education for children with known visual 
impairment in regular classrooms. According to Queensland DETE, a distance visual 
acuity of 6/18 (0.5 logMAR) or worse in the better eye is used as one of the criteria 
to categorise students as having a visual impairment (DETE, 2014b). These students 
may be included as part of Education Adjustment Program (EAP) and receive special 
assistance from DETE. However, the visual requirements reported in this study 
indicate the high levels of demand placed on children‘s visual systems suggesting 
that even children with better visual acuity (approximately 0.3 - 0.4 logMAR) than 
the current criteria for visual impairment may still face difficulty in coping with the 
visual demands of a modern classroom and children with a vision impairment may 
require assistance to perform adequately in school when integrated with visually 
normal children. Therefore, it might be useful to revise the current cut-off criteria for 
special assistance to ensure that children will not be significantly disadvantaged in 
schools due to visual impairment.  
 
The findings from this study may also be used as a reference in determining the type 
of assistance and adjustment that may be necessary for children with visual 
impairment. Seating position is one factor that requires consideration, but moving a 
child to the front of the class may not always be helpful. Visually impaired children 
should be seated in a position which is most beneficial for them, such as having the 
best view of the board and an appropriate lighting source that decreases possible 
reflection and glare (Cox & Dykes, 2001). Children with visual impairment will 
usually have reduced acuity and contrast reserves compared to those without 
impairment (Whittaker & Lovie-Kitchin, 1993). Therefore, greater effort should also 
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be made to increase awareness among school teachers regarding the factors that need 
to be considered in preparation of learning materials as well as classroom activity 
planning, so that the children in their classroom do not experience extreme visual 
fatigue. Enlarged print with maximum contrast would provide better resolution for 
these children with visual impairment (Alabdulkader & Leat, 2010). Adaptive 
technologies such as desktop or portable electronic magnifiers or I-pad applications 
with contrast enhancement options may also be of benefit to visually impaired 
students (American Academy of Optometry, 2014).  
 
Classroom teachers should also be aware that sustained attention tasks such as 
prolonged reading or copying might not be suitable for these children due to their 
reduced visual capacity. Therefore, modification of classroom activities may be 
required, such as the inclusion of sufficient break times between activities (Li, 2004). 
Children with visual impairment may also benefit from extra time to complete 
certain tasks such as time-based exams. Optical aids which provide appropriate 
magnification to meet the visual demands of modern classrooms may be necessary to 
ensure students reach their optimum academic potential (American Academy of 
Optometry, 2014). These suggested adaptations will assist in reducing the demands 
placed on the visual system and ensure a comfortable learning environment for 
children with visual impairment. 
 
4.3 CONCLUSION 
In conclusion, the results of this study demonstrated that higher than expected levels 
of visual acuity, contrast demand and sustained accommodative and vergence are 
required to perform optimally in modern classroom environments. This study adds to 
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the evidence regarding the importance of a well-developed visual system for 
children, in which all the individual parameters are within clinically accepted ranges 
in order to meet the multiple visual demands of the modern classroom. This study 
also serves to justify the need for early identification and treatment of common visual 
problems in children, such as uncorrected refractive error and binocular vision 
anomalies which may adversely affect academic performance. In addition, these 
findings are important for determining evidence-based prescribing guidelines by 
indicating the levels of uncorrected refractive errors that may require correction in 
children to enable them to function optimally in primary schools. These findings can 
also be used to guide the development of more comprehensive and thorough 
paediatric vision screening protocols by specifying the visual parameters that need to 
be evaluated and the minimum cut-off criteria for each of these parameters.
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Chapter 5: The impact of simulated 
hyperopia on academic-related performance 
in children 
5.1 INTRODUCTION 
The findings of Study 1 (Chapter 4) revealed that up to 70% of learning activities in 
school classrooms rely on visual input. Thus, a normally functioning visual system, 
in which all the visual parameters are within clinically acceptable limits according to 
age, is an important requirement for children to meet the visual demands of modern 
classrooms; any anomalies of the visual system, such as uncorrected refractive error, 
may impair a child‘s functional performance in school. However, evidence from 
well-designed and suitably powered studies regarding the impact of uncorrected 
refractive error on the learning outcomes of children is lacking. This is surprising and 
problematic given that uncorrected refractive errors are one of the leading causes of 
correctable visual anomalies in children (Goh et al., 2005; He et al., 2004; Robaei et 
al., 2006a). 
 
A number of studies have reported that uncorrected refractive errors, in particular 
hyperopia, are associated with poorer performance on measures of academic-related 
performance, such as reading ability, educational or academic achievement test 
outcomes and literacy scores (Fulk & Goss, 2001; Grisham & Simons, 1986; 
Grosvenor, 1970; Rosner, 1987, 1997; Rosner, 2004; Scheiman & Rouse, 2006; 
Shankar et al., 2007; Stewart‐Brown et al., 1985; Williams et al., 2005). However, 
the majority of these studies have methodological limitations, which include the use 
of inappropriate study designs, inconsistency in defining and quantifying reading or 
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academic performance, the use of non-standardised outcome measures to measure 
academic performance, inappropriate statistical techniques and experimental bias 
(not controlling for potential confounding factors such as IQ or socioeconomic 
status). These limitations lead to the inability to provide strong evidence in support 
of the proposed association between uncorrected hyperopia and academic 
performance.   
 
There have also been attempts to empirically determine the magnitude of uncorrected 
hyperopia that is likely to be functionally problematic through simulation studies 
(using selected magnitudes of imposed hyperopia), but these investigations have 
been restricted to adults (Garzia et al., 1989; Walton et al., 1978). While these studies 
suggest that simulated hyperopia between 1.50 to 2.00 D causes a decrement in 
reading performance in adults, the impact of simulated hyperopia on standardised 
academic-related performance in children has not been assessed. Children may also 
respond differently to simulated hyperopia given that they have greater 
accommodative reserves and less developed reading skills compared to adults. In 
addition, these studies did not attempt to identify the mechanisms underlying the 
observed changes in outcome measures in the presence of simulated hyperopia. 
Uncorrected hyperopia leads to an increase in the accommodative demand required 
to maintain clear near vision, which may result in visual fatigue, especially when 
fixation needs to be sustained for long periods. Vergence demand may also be 
impacted, further exacerbating the symptoms (American Optometric Association, 
2008b), however, evidence to support this theory is limited. 
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Sustained near tasks are one of the most important visual activities undertaken in 
school. One observational study suggested that more than half of the time in primary 
school classrooms is spent performing near based tasks such as reading and writing, 
with primary school children engaging in near work continuously for about 16 
minutes on average at a time. (Ritty et al., 1993). Similarly, the investigation of 
modern primary school classrooms that forms part of this thesis (Chapter 4) 
demonstrated that near work tasks comprised 47% of class time (120 minutes per 
day) with the mean duration of sustained fixation near tasks being 23 minutes. Thus, 
it is evident that prolonged near work is an important component of children‘s daily 
activities in school. However, previous reports linking uncorrected hyperopia with 
low levels of academic performance have not taken into consideration the possible 
impact of sustained near work on this relationship.  
 
The purpose of this experiment was to investigate the impact of a relatively low level 
of simulated bilateral hyperopic refractive error, combined with sustained near work, 
on a range of standardised academic-related measures in children. In addition, the 
change in vergence demand following the imposition of simulated hyperopia was 
investigated as a possible mechanism which may contribute to the observed changes 
in the outcome measures. The hypotheses of this experiment were: 
 Simulated bilateral hyperopia would significantly impair functional reading 
performance, visual information processing and reading-related eye 
movements, which would be exacerbated following sustained near work.  
 The change in vergence demand in the presence of simulated hyperopia will 
be associated with reductions in performance of the academic-related 
outcome measures.  
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5.2 STUDY DESIGN AND METHODS 
A repeated measures design was used to control for potential differences between 
participants (such as socioeconomic status and IQ) and standardised academic-
related tests that reflect common activities usually conducted in school classrooms 
were selected as outcome measures. The findings reported in Chapter 4, which 
demonstrated that reading and copying tasks were the most common activities 
conducted in primary school classrooms, also justifies the selection of these 
academic-related measures. Measures included the Neale Analysis of Reading 
Ability, the Coding and Symbol Search subtests (visual processing speed domain) of 
the Wechsler Intelligence Scale for Children - Australian Standardised Edition 
(WISC-IV) and the Developmental Eye Movement (DEM) test, which are all 
commonly used standardised tests in vision or education research (Ayton et al., 2009; 
Flanagan & Kaufman, 2009; Spooner et al., 2004).  
 
5.2.1  Participant recruitment and vision screening  
Fifteen visually normal children (mean age: 10.9 ± 0.8 years), including 10 males 
and 5 females (six Year 5, five Year 6 and four Year 7 children) participated in this 
experiment, all of whom spoke English as their first language. Children aged 10 to 
12 years were targeted given that for children in this age group (the ―reading to 
learn‖ stage) there is an emphasis on acquiring appropriate elementary learning skills 
which form the basis of their secondary education (Flax, 2006). A variety of 
recruitment approaches were used to target children with a range of academic 
abilities and backgrounds for this study. Participants were recruited via flyers sent to 
staff and students of QUT, as well as to parents of children in Grades 5 to 6 from 
schools participating in the Study 1 data collection (urban Brisbane primary schools), 
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inviting them and their children to participate. In addition, potential participants were 
identified from the QUT Optometry clinic database. The parents of potential 
participants were then contacted via email and telephone inviting them to join this 
study. Approval from the QUT Research Ethics Committee was obtained in 
December 2012 (QUT Ethics Approval Number: 1200000527) prior to participant 
recruitment and data collection. Following this, permission was also sought from 
DETE to distribute recruitment flyers in Queensland state schools and approval was 
granted in February 2013. This study was conducted in accordance with the 
Declaration of Helsinki. Written informed consent was obtained from each 
participant and their parent or guardian following a full explanation of the 
experimental procedures. Participants had the option to withdraw from the study at 
any time. 
 
All participants underwent a screening procedure to determine whether they met the 
inclusion criteria for the study, which were based on clinically acceptable normal 
limits for children in this age group and included: 
(a) Children aged 10 to 12 years with no history of general health 
problems; 
(b) No history of prior ocular surgery or any learning-related problems; 
(c) Minimal refractive error defined as > -0.75D or < +0.75D, 
astigmatism < 0.25 D and spherical equivalent anisometropia < 0.25 
D;  
(d) Best corrected distance and near visual acuity of 0.00 logMAR or 
better in each eye; 
(e) Stereoacuity of at least 70 seconds of arc (Junghans et al., 2002);  
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(f) Normal accommodation amplitude range for the participant‘s age 
determined using the formula 18.5 - 0.3 (age) ± 2 D (Scheiman & 
Wick, 2008);  
(g) Near point of convergence break point ≤ 7cm (Hayes et al., 1998; 
Rouse et al., 1999); 
(h) Horizontal near heterophoria that was compensated by near fusional 
vergence ranges according to Sheard‘s criterion. Based on this 
criterion, the relevant fusional reserve range (break point) should be at 
least twice the magnitude of the heterophoria to ensure comfortable 
binocular single vision (Scheiman & Wick, 2008) 
(i) Children with English as their first language. 
 
The tests included in the vision screening assessment were: 
(a) Brief case history  
Each participant‘s parents or guardian were interviewed to obtain information 
regarding their child‘s ocular history, general health (including medication 
use) and academic performance (evidence of developmental delay or if 
receiving any additional tuition). This was to ensure that the participants did 
not have any significant history of ocular trauma, surgery, general health 
issues or any known learning-related problems. 
(b) Refractive error determination 
Each participant‘s refractive status was determined by an experienced and 
qualified optometrist using non-cycloplegic retinoscopy followed by 
monocular subjective refraction using a phoropter. Non-cycloplegic 
retinoscopy has been shown to be accurate and suitable for refractive error 
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screening in children (Lowery et al., 2005). Retinoscopy was performed using 
a streak retinoscope with the room illumination dimmed. Binocular working 
distance lenses of +1.50 D were used while the participant was instructed to 
focus on a 6/60 letter target at 6m. During non-cycloplegic retinoscopy, pupil 
size and the movement and brightness of the retinoscopy reflex were 
monitored for accommodative fluctuations suggestive of latent hyperopia or 
fixation changes. The retinoscopy result was then refined using monocular 
subjective refraction (including binocular balancing using alternate occlusion 
(Momeni‐Moghaddam & Goss, 2014)). Following subjective refraction, 
children were also fogged with +1.50 D lenses over their optimal sphero-
cylindrical refraction and binocular distance visual acuity remeasured. While 
a cycloplegic refraction would provide the most accurate measurement of 
refractive error in children, this was not considered feasible in this study 
given that the participants were already required to attend two separate testing 
visits (outlined below in the Experimental Procedures). Inclusion of 
cycloplegic refraction would have required an additional visit since the 
experimental procedure (which involved near work activities) could not be 
conducted during/following cycloplegia or pupil dilation. However, a number 
of clinical techniques were included which are useful to check for potential 
latent hyperopia, such as monitoring of the retinoscopy reflex and the 
binocular +1.50 D fogging test. 
(c) Best corrected visual acuity 
Monocular and binocular visual acuity with the optimal refractive correction 
were assessed at both distance and near using high contrast Bailey-Lovie 
visual acuity charts at 6m and 40cm respectively, following measurement of 
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refractive error. Participants read each line from the top of the chart until four 
of the five letters on a line were read incorrectly (Carkeet, 2001). Visual 
acuity was scored on a letter by letter basis with each letter corresponding to a 
score of -0.02 log units (Bailey & Lovie, 1976). Measurements were assessed 
under the recommended illumination (680 lux). 
(d) Accommodation amplitude 
Monocular and binocular amplitudes of accommodation were determined 
using the push-up method. A single 6/6 letter on a near fixation target was 
presented at approximately 40cm and slowly brought towards the child, who 
was asked to report when the letter first appeared blurred and could not be 
made clear. The distance from the spectacle plane (with optimal correction in 
a trial frame) to the blur point was measured and converted to dioptres. 
Accommodation amplitude assessment was performed individually for the 
right and left eyes, then binocularly (Rabbetts & Elliott, 2007). Three 
measurements were taken and the average of these measures was calculated.  
(e) Near point of convergence 
The near point of convergence was assessed using the push up method with a 
single 6/9 letter target. The target was brought towards the participant, who 
was asked to report when diplopia was first noticed. The distance from the 
spectacle plane (with optimal correction in a trial frame) to the point where 
diplopia was first reported or a deviation of the eyes was observed by the 
examiner was measured and recorded (Scheiman & Wick, 2008). 
Measurements were conducted three times and the average of these measures 
was calculated. 
 
  
Chapter 5: The impact of simulated hyperopia on academic-related performance in children 135 
(f) Stereoacuity 
Stereoacuity was assessed using the TNO test (Lameris Instrumenten BV, 
Utrecht, The Netherlands), which consists of twelve random-dot plates of six 
disparity levels (15 to 480 seconds of arc). Each participant was presented 
with the test plates beginning with the largest disparity and was asked to 
identify the orientation of the missing sector of a circle in each plate (with the 
optimal refractive correction in a trial frame). The smallest disparity at which 
both test plates were correctly identified was recorded (Rabbetts & Elliott, 
2007). 
(g) Near dissociated horizontal heterophoria 
The near horizontal heterophoria was assessed using the near Howell-Dwyer 
heterophoria card at 33cm. A loose 6 base down (BD) prism lens was held in 
front of the participant‘s right eye (with the optimal refractive correction in a 
trial frame). The participant was asked to identify the number (and colour of 
the band in which the number was located) that was most closely aligned with 
the top arrow on the card (Scheiman & Wick, 2008).  
(h) Near horizontal fusional vergence 
Both positive and negative fusional vergences at near were measured using 
the step vergence technique with a prism bar. Participants were asked to 
fixate on a 6/9 fixation target at 40cm. For assessing positive fusional 
vergence, base out (BO) prism was introduced in front of the participant‘s 
right eye, and gradually increased from a lower to a higher magnitude until 
diplopia was first reported or the examiner noticed an outward movement of 
the eye. The magnitude of the prism was then gradually reduced until single 
vision was reported. The same procedure was repeated using base in (BI) 
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prism to assess negative fusional vergence (Scheiman & Wick, 2008). This 
procedure was repeated three times. Only the break and recovery values were 
recorded as these values can also be confirmed objectively by the examiner. 
 
5.3 EXPERIMENTAL PROCEDURE 
The academic-related outcome measures were measured binocularly for each 
participant under two visual conditions, and at two separate time points (before and 
after a sustained near work task) using a repeated measures design: 
 Control condition (optimal sphero-cylinder correction with a plano lens 
addition binocularly, to ensure participants were masked to the visual 
condition imposed); 
 Refractive error simulation condition (optimal sphero-cylinder correction 
with simulation lenses imposed binocularly). 
 
Each participant wore their optimal refractive correction throughout all of the 
experimental procedures, with the hyperopia simulation lenses (bilateral -2.50 D 
lenses) added to this during the simulation condition. This magnitude, which is 
considered as relatively low in school-aged children by some clinicians (O'Donoghue 
et al., 2010; O'Donoghue et al., 2012; Robaei et al., 2005b), was chosen to 
investigate a level of uncorrected hyperopia that is likely to be found in children. In 
addition, studies of adults have shown that simulated hyperopia between 1.50 D to 
2.00 D impacts on functional performance (Garzia et al., 1989; Walton et al., 1978). 
Given that children have greater accommodative reserve compared to adults, it was 
decided that a higher level of hyperopia simulation compared to those used in adult 
simulation studies would be a useful starting point.  
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Testing was conducted on two separate visits, at approximately the same time of day, 
with participants being assessed under one visual condition during each visit (control 
or refractive error simulation). Measurements were conducted immediately following 
the introduction of the simulation lens (using full aperture trial lenses placed in a trial 
frame), and repeated again after 20 minutes of sustained near work (with the 
simulation lenses still in place). During the 20 minutes of sustained near work, 
participants performed pen and paper puzzles comprised of N10 print at a working 
distance of 40cm, which is a common near testing distance used in clinical settings 
(Rosenfield et al., 2001). This task duration was selected based on the observations 
of learning activities conducted in Year 5 and 6 classrooms in Study 1 (Chapter 4) 
which showed that children generally maintained sustained near fixation for 
approximately 23 minutes at a time. A reading board was used throughout each near 
task to ensure a constant working distance of 40cm between participants and across 
experimental sessions. The examiner verified that participants were maintaining the 
correct working distance at regular intervals throughout the testing session using a 
measuring tape. During each session, the participants underwent assessment of all of 
the outcome measures (20 minutes), followed by the sustained near work task (20 
minutes) and reassessment of all of the outcome measures (20 minutes). The order of 
the visual conditions (optimal refractive correction or refractive error simulation) and 
the order in which the outcome measures were administered were randomised 
between participants to minimise potential order effects. Figure 5-1 shows the 
experimental setup used for this study. 
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Figure 5-1: Experimental setup showing a participant completing the Coding subtest 
on a reading board. 
 
 
5.4 OUTCOME MEASURES 
5.4.1  Reading performance  
Assessment of reading performance was selected as one of the academic-related 
outcome measures because reading constitutes a substantial portion of activities 
conducted in school classrooms (Ritty et al., 1993). This is also consistent with the 
findings reported in Chapter 4, which demonstrated that reading is one of the major 
near task activities performed in modern primary school classrooms (occupying 47% 
of classroom time). The Neale Analysis of Reading Ability test was selected to 
assess reading performance as it is a widely used, standardised measure of reading 
performance with published normative data available for Australian children 
(McKay, 1996; Nation & Snowling, 2011; Spooner et al., 2004). This single test 
assesses three components of reading performance; rate, accuracy and 
comprehension. The test consists of four individual forms (two forms used for every 
visit), with each form consisting of six passages of increasing reading difficulty. In 
line with the standard administration procedure of this test, each passage was read 
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aloud by the participant and was immediately followed by a series of comprehension 
questions upon completion of the passage. Testing was terminated if the maximum 
number of permissible reading errors was made, which varies for each passage. 
Reading rate (words per minute) was derived from the time taken to complete each 
individual passage using the following formula: (total words read/total time taken) x 
60, in line with test instructions. For each passage, the total number of reading errors 
was subtracted from the maximum permissible errors for that particular passage and 
these values were summed for all of the passages to provide the reading accuracy 
score. Reading comprehension was quantified in terms of the total number of 
questions answered correctly out of a total of 44 questions (Neale, 1999).  
 
5.4.2  Visual Information Processing (VIP) performance 
Visual information processing (VIP) skills refer to a group of visual cognitive skills 
used to extract and organise visual inputs from the environment, which are important 
aspects of learning in school (Borsting, 2006b; Kavale, 1982). Therefore, any 
abnormalities in VIP skills may lead to difficulties with the learning process and the 
comprehension of visually-presented information in children (American Optometric 
Association, 2008a). The Wechsler Intelligence Scale for Children - Australian 
Standardised Edition (WISC-IV) is widely used for assessing the intellectual ability 
of children aged 6 to 16 years old, with published normative data available for 
Australian children (Wechsler, 2005). The processing speed domain of this test 
consists of two subtests, Coding and Symbol Search, which were used to assess VIP 
performance in this study. Both these tests were administered according to the 
standard protocol. The processing speed domain assesses a child‘s ability to focus 
attention and quickly scan, discriminate between, and sequentially order visual 
 140 Chapter 5: The impact of simulated hyperopia on academic-related performance in children 
information (Wechsler, 2005), which are all components of the broad VIP skill-set 
(Borsting, 2006b). 
 
Coding: This subtest is a measure of speed and accuracy of visual motor 
coordination, attention skills, visual scanning and tracking. Participants were 
presented with a rectangular grid of digits (high contrast and approximately 
equivalent to 0.8 – 0.9 logMAR in size for a 40cm viewing distance) and instructed 
to substitute the appropriate symbol for each of the digits, using a code that appears 
at the top of the page. Participants were required to complete as many items as 
possible within 120 seconds, and the number of correct responses was recorded. Four 
different versions of the test were electronically generated. 
 
Symbol Search: This subtest is a measure of perceptual discrimination, speed, 
accuracy, visual scanning and visual motor coordination. Participants were presented 
with a horizontal array of symbols, divided into a target and a search group (high 
contrast and approximately equivalent to 0.8 – 0.9 logMAR in size for a 40cm 
viewing distance). Participants were instructed to scan the two groups and indicate 
whether the target symbols appeared in the search group or not; as with the Coding 
subtest, they were required to complete as many items as possible within 120 
seconds; the number of correct responses was recorded. Four different versions of the 
test were electronically generated. 
 
5.4.3  Reading-related eye movement performance 
The Developmental Eye Movement (DEM) test was chosen to assess reading-related 
eye movement performance as it is simple and quick to administer with children 
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(Webber et al., 2011) and is commonly used clinically to assess automaticity in 
number naming and ocular motor fluency in reading (American Optometric 
Association, 2008a; Garzia et al., 1990). The DEM test consists of a pre-test, two 
subtests with 40 numbers arranged in vertical columns (subtests A and B) and a 
subtest with 16 horizontal rows consisting of 80 irregularly spaced numbers (subtest 
C). The vertical subtest is designed to measure rapid automatised naming (RAN) 
ability while the ratio of horizontal to vertical subtest times (after adjustment for 
errors) provides a measure of reading-related saccadic eye movements (RSEM) by 
controlling for RAN (Garzia et al., 1990). The DEM test performance has been 
reported to be associated with reading performance and visual processing speed 
(Ayton et al., 2009). Based on this relationship, and its construct accounting for 
verbalisation speed, the DEM test is considered to be suitable for identifying children 
with poor academic performance, including those with reading difficulties (Ayton et 
al., 2009; Palomo-Álvarez & Puell, 2009). In line with standard administration 
procedures, participants were asked to read the single digit numbers aloud as quickly 
and accurately as possible. The times taken to complete the two vertical columns (an 
estimate of RAN that de-emphasises horizontal eye movements) and the sixteen 
horizontal lines were recorded separately. The vertical and horizontal test times were 
adjusted for errors in reporting the numbers, and, upon completion, a ratio of 
horizontal to vertical times (the most appropriate estimate of RSEM) was calculated. 
Different versions of this test were electronically generated to avoid learning effect. 
 
5.4.4  Near horizontal dissociated heterophoria 
Near horizontal dissociated heterophoria was measured with the near Howell-Dwyer 
Phoria card using the procedure outlined in the participant screening section (5.2.1) 
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immediately following the introduction of either the optimal refractive correction or 
the hyperopia simulation lenses. These measurements were undertaken to identify 
any change in near heterophoria resulting from the simulated hyperopia. 
 
5.5 STATISTICAL ANALYSIS 
Statistical analysis was performed using SPSS 19.0. Normality of the data was 
assessed using the Shapiro-Wilk test, which revealed that all data were normally 
distributed. A two way repeated measures analysis of variance (ANOVA) was used 
to examine the influence of refractive error simulation (with and without the -2.50 D 
lens addition) and sustained near work (before and after 20 minutes of near work) on 
the various academic-related outcome measures. Pearson‘s correlation analysis was 
conducted to examine the relationship between changes in the academic-related 
performance measures and the change in near horizontal heterophoria, following the 
addition of the hyperopia simulation lenses. This was undertaken to investigate if 
vergence alignment might be a potential factor associated with the observed changes, 
given that hyperopia simulation will also induce a change in vergence at near in most 
children. The raw scores obtained from each academic-related outcome measure 
were used in the statistical analyses. A p-value of less than 0.05 was considered 
statistically significant. Raw scores were further converted to percentile ranks for 
each outcome measure to provide an estimate of the reduction in functional 
performance associated with sustained near work and the hyperopia simulation. 
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5.6 RESULTS 
All participants had minimal (near emmetropic) refractive error and the binocular 
vision parameters were within clinically acceptable normal limits for children in this 
age group (Hayes et al., 1998; Jimenez et al., 2004; Rouse et al., 1999; Scheiman & 
Wick, 2008), as shown in Table 5-1. No participant exhibited spherical equivalent 
anisometropia greater than 0.25 D or astigmatism greater than 0.25 D and all had 
best corrected visual acuity of 0.00 logMAR or better in either eye. The mean 
reduction in binocular best corrected visual acuity with the +1.50 D fogging lens was 
as expected for this magnitude of imposed defocus if optimally corrected (Rabbetts, 
2007a). Two participants (additional to the main cohort of 15) who demonstrated 
signs of significant latent hyperopia (failed the fogging test) were excluded from the 
study. Table 5-2 shows the group mean data for each of the outcome measures with 
the optimal refractive correction and the 2.50 D bilateral hyperopia simulation, 
before and after 20 minutes of sustained near work and results of the statistical 
analyses, while Table 5-3 shows the group mean percentile rank data for the 
academic-related measures for each experimental condition. Data collected with the 
optimal refractive correction prior to the sustained near work task indicated that the 
participants had an above average score on all the academic-related outcome 
measures (approximately in the 70
th
 percentile for their age group). 
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Table 5-1: Mean ± standard deviation and range of the visual characteristics of the 15 participants. 
 
Variables Mean ± SD Min Max 
Sphere RE (D) +0.15 ± 0.25 -0.25 0.50 
Sphere LE (D) +0.12 ± 0.21 -0.25 0.50 
Cylinder RE (D) -0.08 ± 0.12 0.00 -0.25 
Cylinder LE (D) -0.07 ± 0.11 0.00 -0.25 
Best corrected binocular distance visual acuity (logMAR) -0.09 ± 0.04 0.00 -0.16 
Best corrected binocular near visual acuity (logMAR) -0.05 ± 0.05 0.00 -0.10 
Binocular visual acuity with +1.50 D (logMAR) 0.58 ± 0.06 0.50 0.68 
Reduction in binocular visual acuity with +1.50 D (logMAR) 0.66 ± 0.07 0.60 0.72 
Monocular amplitude of accommodation RE (D) 13.53 ± 1.41 11.00 16.00 
Monocular amplitude of accommodation LE (D) 13.47 ± 1.36 12.00 17.00 
Binocular amplitude of accommodation (D) 14.33 ± 1.34 12.00 17.00 
Near point of convergence (cm) 4.87 ± 1.68 0.00 6.00 
Random dot stereoacuity (seconds of arc) 27.00 ± 6.21 15.00 30.00 
Near dissociated horizontal heterophoria (∆)* 1.87 ± 2.56 -3.00 6.00 
    * Positive value denotes exophoria 
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Table 5-2: Group mean data for participants (standard deviation) and outcome measures of the statistical comparisons for both of the 
visual conditions before and after sustained near work, and the results of the repeated measures ANOVA with hyperopia simulation and 
sustained near work as the within-subject factors. 
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Visual condition 
Mean Performance (SD) 
F(1,14) for repeated measures ANOVA Optimal correction 2.50D hyperopia simulation 
Sustained near work  
(20 minutes) 
Before After Before After 
Hyperopia 
simulation 
Sustained near 
work 
Hyperopia 
simulation x 
sustained near 
work 
 
Reading performance
 a
 
       
 
Rate (words per minute) 
142.32 (5.61) 140.70 (5.74) 139.57 (5.64) 129.58 (6.32) 86.76** 106.53** 50.33** 
A
ca
d
em
ic
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e
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e 
m
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Accuracy (words read correctly) 
88.40 (5.19) 86.87 (5.05) 86.40 (4.76) 80.67 (4.03) 103.52** 124.69** 61.33** 
Comprehension (questions 
answered correctly) 
35.07 (3.39) 33.93 (3.24) 33.33 (3.54) 27.87 (3.27) 147.87** 112.10** 53.77** 
Visual Information Processing 
(VIP) (WISC subtests)
a
 
       
Coding (correct responses)  
50.93 (8.53) 49.33 (8.69) 48.40 (8.51) 39.07 (8.15) 73.77** 85.11** 38.89** 
Symbol Search (correct 
responses) 
32.27 (4.30) 30.87 (4.27) 30.27 (4.13) 24.53 (5.45) 90.39** 47.61** 20.40** 
Developmental Eye Movement 
test (DEM)
b 
       
Adjusted vertical time (s) 
40.88 (5.09) 42.36 (5.26) 43.18 (5.13) 47.29 (5.67) 34.48** 33.54** 8.39* 
 
Adjusted horizontal time (s) 
45.90 (6.56) 47.56 (6.90) 48.87 (6.69) 54.50 (5.96) 53.80** 52.97** 21.87** 
 
Ratio 
1.12 (0.07) 1.12 (0.07) 1.13 (0.06) 1.16 (0.06) 10.91** 7.81* 7.88* 
* p < 0.05, ** p < 0.001
 
a
 Higher score indicates better performance 
b
 Higher score indicates poorer performance 
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Table 5-3: Group mean data (standard deviation) of the percentile ranks for both of the visual conditions before and after sustained 
near work. 
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 Visual condition 
Mean Percentile Rank (SD) 
Optimal correction 2.50 D bilateral hyperopia simulation 
Sustained near work  
(20 minutes) 
Before After Before After 
A
ca
d
em
ic
-r
e
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d
 o
u
tc
o
m
e 
m
ea
su
re
s 
Reading performance
      
Rate (words per minute) 89.47 (3.48) 89.00 (3.38) 88.07 (3.49) 79.53 (6.53) 
Accuracy (words read correctly) 61.93 (16.43) 55.20 (13.42) 53.67 (11.79) 41.13 (6.53) 
Comprehension (questions answered correctly) 76.60 (11.40) 72.87 (11.87) 70.87 (12.95) 49.87 (14.41) 
Visual Information Processing (VIP) (WISC subtests)*
 83.47 (16.06) 77.33 (20.85) 75.47 (20.10) 48.33 (23.77) 
Developmental Eye Movement test (DEM)
     
Adjusted vertical time (s) 54.33 (14.13) 50.00 (13.36) 45.33 (12.88) 35.00 (9.45) 
Adjusted horizontal time (s) 59.00 (18.92) 54.67 (18.17) 46.67 (17.08) 33.00 (10.32) 
Ratio 63.00 (18.01) 61.33 (20.66) 58.00 (19.44) 46.67 (15.89) 
Mean of all academic-related measures (SD) 69.69 (13.44) 65.77 (14.30) 62.55 (15.98) 46.47 (15.49) 
*Percentile rank for the VIP measure was determined by combining the scores of both the Coding and Symbol Search subtests together as per the test manual 
  A reduction below the 20
th
 to 25
th
 percentile is usually considered as low level performance for all these academic-related measures
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Reading performance 
All three components of reading performance (rate, accuracy and comprehension) 
were significantly and independently reduced by both simulated hyperopia (p<0.001) 
and sustained near work (p<0.001). There was also a significant interaction 
(p<0.001) between simulated hyperopia and near work for each of these reading 
outcome measures as shown in Figure 5-2, where the reduction in performance 
following near work was significantly larger in the presence of simulated hyperopia 
compared to the optimal correction.  Bilateral hyperopia simulation alone resulted in 
a reduction in each of the reading components including 2% for rate, 2% for 
accuracy and 5% for comprehension. Performance reductions were exacerbated 
during hyperopia simulation in the presence of sustained near work; 9% (rate and 
accuracy) and 21% (comprehension). On average, participants dropped from the 76
th
 
percentile (optimal refractive correction before sustained near work) to the 71
st
 
percentile in the presence of bilateral hyperopia simulation alone and further to the 
57
th
 percentile following sustained near work. 
 
Visual information processing performance 
The number of correct responses in the Coding and Symbol Search subtests was 
significantly reduced by both simulated bilateral hyperopia (p<0.001) and sustained 
near work (p<0.001). In addition there was also a significant interaction effect 
(p<0.001) between hyperopia simulation and sustained near work for both subtests, 
as shown in Figure 5-3, where the reduction in performance following near work 
was significantly larger in the presence of simulated hyperopia compared to the 
optimal correction. A reduction of 5% and 6% in performance was observed in the 
Coding and Symbol Search subtests respectively in the presence of the bilateral 
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hyperopia simulation, with combined sustained near work further exacerbating these 
reductions: Coding (24%) and Symbol Search (24%). Bilateral hyperopia simulation 
alone resulted in participants dropping from the 83
rd
 percentile (optimal refractive 
correction before sustained near work) to the 75
th
 percentile and further to the 48
th
 
percentile following sustained near work. 
 
Reading-related eye movement performance 
Vertical and horizontal adjusted DEM subtest times, as well as the ratio were 
significantly increased independently by both bilateral hyperopia simulation 
(p<0.001) and sustained near work (p<0.001). A significant interaction effect 
(p<0.001) between hyperopia simulation and near work was also observed for each 
of these DEM parameters, as shown in Figure 5-4, where the reduction in 
performance following near work was significantly larger in the presence of 
simulated hyperopia compared to the optimal correction. Slower vertical (6%) and 
horizontal (6%) time, and an increased ratio (0.9%) were observed with bilateral 
hyperopia simulation. These reductions in performance were greater in the presence 
of sustained near work; 16% in vertical time, 19% in horizontal time and 4% in ratio. 
On average, participants dropped from the 59
th
 percentile (optimal refractive 
correction before sustained near work) to the 50
th
 percentile in the presence of 
bilateral hyperopia simulation alone and further to the 38
th
 percentile following 
sustained near work. 
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Figure 5-2: Mean reading performance (Neale Analysis of Reading Ability Test: 
higher score indicates better performance): rate (A) accuracy (B) and comprehension 
(C) before and after the 20 minute sustained near work task with and without 2.50 D 
bilateral hyperopia simulation (error bars represent the standard error of the mean). 
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Figure 5-3: Mean VIP performance (WISC subtests: higher score indicates better 
performance): Coding (A) and Symbol Search (B) before and after the 20 minute 
sustained near work task with and without 2.50 D bilateral hyperopia simulation 
(error bars represent the standard error of the mean). 
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Figure 5-4: Mean DEM performance (higher score indicates poorer performance): 
vertical time (A) horizontal time (B) and ratio (C) before and after the 20 minute 
sustained near work task with and without 2.50 D bilateral hyperopia simulation 
(error bars represent the standard error of the mean).
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The mean dissociated horizontal near heterophoria with optimal correction was 1.87 
± 2.56∆ exophoria and 2.80 ± 4.86∆ esophoria with the 2.50 D hyperopia simulation 
in place, indicating that the simulation resulted in a 4.67 ± 2.79∆ esophoric shift. The 
correlations between the change in near horizontal heterophoria and the change in 
academic-related outcomes following the addition of the hyperopia simulation lenses 
are summarised in Table 5-4. Significant positive correlations were observed for 
reading accuracy (r = 0.55), and for the Coding (r = 0.54) and Symbol Search (r = 
0.64) WISC subtests (Figure 5-5) which suggested that the magnitude of esophoric 
shift during the hyperopic simulation explains approximately 60% of the variation in 
the changes observed in these outcome measures. 
 
Table 5-4: Pearson correlation coefficients of the change in academic-related 
outcome measures in relation to the change in near horizontal heterophoria with the 
addition of bilateral 2.50 D hyperopia simulation (without sustained near work). 
 
Academic-related outcome measures r value (p-value) 
Reading performance 
Rate 
Accuracy 
Comprehension 
 
0.28 (0.32) 
0.55
 
(0.04) 
-0.03 (0.92) 
VIP performance 
Coding 
Symbol Search 
 
0.54 (0.04) 
0.64 (0.01) 
DEM performance 
Adjusted vertical time 
Adjusted horizontal time 
Ratio 
 
0.39 (0.15) 
-0.24 (0.39) 
0.20 (0.41) 
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Figure 5-5: Correlation between the change in academic-related measures and the 
change in near horizontal heterophoria during the bilateral 2.50 D hyperopia 
simulation (without sustained near work): Reading accuracy (A), Coding subtest (B) 
and Symbol Search subtest (C).
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5.7 DISCUSSION 
In this experiment, the impact of simulated hyperopia on standardised academic-
related measures in children before and after a period of sustained near work was 
examined. Consistent with the first hypothesis, simulated bilateral hyperopia of 2.50 
D resulted in a significant decrease in performance for a range of outcome measures, 
which was exacerbated when accompanied by sustained near work.  
 
Hyperopia simulation alone resulted in impaired reading performance, with the 
largest decrement observed in the comprehension measure (5%) followed by reading 
rate (2%) and accuracy (2%), and each of these effects was exacerbated following 
sustained near work (comprehension (21%), rate (9%) and accuracy (9%)). These 
results are in general accord with findings in adults from Garzia et al., (1989) who 
investigated the impact of induced hyperopia of 2.00 D on reading performance and 
found that reading rate was significantly impaired (by up to 11%). However, there 
was no significant change in the reading accuracy of their adult participants with 
hyperopia simulation (1.5% reduction). The authors suggested that the extra time 
required by the participants to complete the test was a consequence of the simulated 
hyperopia making it more challenging to accurately read the text. Given that children 
are less experienced readers than adults (Thompkins & Binder, 2003), it is likely that 
any impairment of the visual system may have a greater impact on overall reading 
performance (including reading rate, accuracy and comprehension) in children 
(despite having higher accommodative reserve) relative to that of adults. These 
differences could also be due to the different reading assessment tools used in each 
study; Garzia et al. (1989) used a specific reading test called ―cloze procedure‖ while 
in this study, the Neale Analysis of Reading ability was used. The findings of the 
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current study are important given that the reading components evaluated by the 
Neale test (rate, accuracy and comprehension) are fundamental to the everyday 
learning process in schools (Roe et al., 2011). Children with uncorrected hyperopia 
may face difficulty in optimally developing this essential skill, particularly the 
reading comprehension component which may be an important barrier for their 
overall academic development during the ‗reading to learn‘ phase (Borsting, 2006a).      
 
This is the first study to explore the impact of simulated hyperopia on VIP skills, 
which are important for enabling children to extract and organise visual input from 
the environment (Chen et al., 2011; Kavale, 1982). A number of studies have 
reported an association between VIP skills and various measures of academic 
performance in children (Chen et al., 2011; Kulp, 1999; Maples, 2003). As 
hypothesised, hyperopia simulation alone resulted in poorer performance on both the 
Coding and Symbol Search WISC subtests, which require the participants to quickly 
scan, discriminate and sequentially order visual information (with a 5% and 6% 
reduction respectively). A greater decrease in performance was observed following 
sustained near work in the presence of simulated hyperopia, with a 24% reduction in 
performance for each of these subtests. This decrement in performance suggests that 
children with uncorrected hyperopia may be less efficient in interpreting visually 
presented information. This is an important finding given that the observation results 
reported in Chapter 4 showed that up to 70% of learning tasks in Years 5 and 6 
classrooms depend on visual input. These children may also be further disadvantaged 
when undertaking academic activities particularly those that need to be completed 
within a limited time frame, such as in school-based examinations.  
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Simulated bilateral hyperopia also resulted in slower vertical and horizontal DEM 
times (both 6% slower) and an increase in the ratio component (0.9%). These 
reductions in performance were further exacerbated following sustained near work 
(vertical time (16%), horizontal time (19%) and ratio (4%)). Garzia et al.(1990) 
proposed that the vertical subtest of the DEM measures RAN skills, while the 
horizontal subtest measures ocular fixation and saccadic skills, while controlling for 
visual to verbal transfer automaticity. Therefore, the increased vertical and horizontal 
times observed in the current study suggest that both RAN and RSEM difficulties 
may result from hyperopia simulation. The impact of simulated hyperopia was 
greater for the horizontal component than the vertical, which led to an increased 
ratio. Overall, this finding suggests that simulated hyperopia may compromise 
reading-related eye movements and speed of visual processing, skills that are 
considered to be important for children to achieve academically (Kulp & Schmidt, 
1997; Scheiman & Rouse, 2006). Ayton et al. (2009) reported that DEM test 
performance is correlated with aspects of reading and visual processing performance, 
even though it is not significantly correlated with quantitative measures of eye 
movements. The relationship between DEM test performance and reading 
performance was also examined by Palomo-Alvarez and Puell (2009), who reported 
a negative correlation between reading speed and time to complete the DEM 
horizontal subtest. The reduction in performance observed in both the reading and 
VIP tests in this current study also supports the association of DEM test performance 
with reading and visual processing, as reported by these previous studies. 
 
While the observed changes in reading, VIP and reading-related eye movement 
performance due to simulated hyperopia were statistically significant, it is difficult to 
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comment on the educational significance of these changes given that there are no 
established guidelines as to what constitutes a clinically or academically significant 
reduction in the outcome measures used in this study. However, examination of the 
change in percentile ranks scores (an average of all the academic-related measures 
examined) does provide some insight into the academic significance of hyperopia 
simulation and sustained near work. On average, children‘s performance dropped 
from the 70
th
 percentile to the 63
rd
 percentile during the hyperopia simulation alone 
and further to the 46
th
 percentile following sustained near work, with 52% of the 
participants falling ‗below average‘ (lower than the 50th percentile). Whilst these 
levels do not constitute a low level of functioning (i.e below the 20
th
 to 25
th
 
percentile), these findings do suggest that a significant proportion of children may 
perform substantially below their capability in the presence of simulated hyperopia. 
This finding also suggests that uncorrected hyperopia may be more detrimental in 
children who are already performing below average for their age or school grade 
level. 
 
An important finding in the current study was that sustained near work (for a period 
of 20 minutes) resulted in a small but statistically significant decrement in each of 
the academic-related measures included in this study, even in the absence of 
simulated hyperopia. A previous study investigating the ergonomic demands in 
primary school classrooms highlighted that 50% of student activities were focussed 
on near tasks such as reading and writing (Ritty et al., 1993). On average, students 
were required to maintain near fixation for approximately 16 minutes at any one time 
(Ritty et al., 1993). The observation of learning activities in Study 1 also showed that 
sustained near work was a major component of daily classroom learning (47%) with 
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students maintaining near fixation for an average of 23 minutes at a time. Therefore, 
the results of the current study have implications for daily classroom activities 
planning by teachers. Regular break times are necessary to avoid visual fatigue, 
which may be detrimental to a student‘s academic performance in school particularly 
in the presence of uncorrected hyperopia. 
 
Overall, consistent with the first hypothesis, the results of this experiment suggest 
that uncorrected bilateral hyperopia of a magnitude that is considered to be relatively 
low in children (O'Donoghue et al., 2010; Robaei et al., 2005b) may be detrimental 
to academic-related performance in children, especially when continuously fixating 
at near. Lower levels of uncorrected hyperopia may also affect academic 
performance, as observed in this study, but to a lesser extent. However, the minimum 
level of hyperopia that would provide a negative impact on academic performance 
cannot be readily ascertained using the study design adopted here, given that only 
one level of simulation was included. Importantly, the results are in accord with 
published prescribing guidelines for hyperopia that largely rely on clinical 
experience of eye care practitioners (which is considered to be low level evidence), 
suggesting that refractive correction for relatively low levels of uncorrected 
hyperopia would also potentially benefit children when performing academic related 
activities (Cotter, 2007; Leat, 2011). However, factors such as a child‘s current 
academic performance at school, amount of near work performed and binocular 
vision status should all be taken into consideration when prescribing for low levels of 
hyperopia (Cotter, 2007). The findings reported here also support a recent study 
which suggested that the correction of mild bilateral hyperopia (as low as 0.50 D) 
may be beneficial for reading performance in children (van Rijn et al., 2014).  
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These results additionally indicate that it is important to screen for uncorrected 
hyperopia in children in order to minimise potential functional disadvantage at 
school. Ideally, cycloplegic refraction would be the gold standard for accurate 
refractive error determination in children, especially hyperopia (Fotedar et al., 2007; 
Hopkins et al., 2012). However, in cases where cycloplegia is not practical or is 
contraindicated, clinical techniques such as fogging lenses, near point retinoscopy or 
monitoring the retinoscopy reflex (in terms of brightness and movement) can also be 
used to detect latent hyperopia (American Optometric Association, 2008b). In 
addition, school vision screening protocols should be tailored to include these 
clinical techniques, as distance visual acuity screening alone is insufficient for 
detecting hyperopia in children who have ample accommodative reserves. 
 
The exact mechanisms that drive the decreases in academic-related performance 
observed with the hyperopic simulation are unclear. One possible hypothesis for 
these changes was explored in this study; namely that the increased vergence demand 
associated with the hyperopic simulation may contribute to the observed functional 
decrements. The findings provide some support for this hypothesis by demonstrating 
a statistically significant, albeit moderate, correlation between the change in near 
horizontal heterophoria and the change in several of the outcome measures (reading 
accuracy and VIP subtests); this suggests that a greater esophoric shift was 
associated with a greater reduction in performance. It is possible that the increase in 
accommodative demand associated with simulated hyperopia may not be the only 
factor involved with the reduction in performance of the academic-related measures 
and that the change in vergence demand may also contribute. The relative impacts of 
accommodation and vergence demand are difficult to tease out precisely and would 
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be likely to vary from child to child, depending on their uncorrected vergence 
posture and fusional vergence reserves. Indeed, it may not be essential to separately 
measure the impact of each of these components individually given that they 
effectively occur as a single entity. Nonetheless, the findings of this study highlight 
the need for further investigation to explore these associations more systematically in 
a larger sample of participants. 
 
An advantage of this study was the use of a repeated measures design which allows 
for the control of other potential confounding variables such as IQ and 
socioeconomic status which may differ between participants. This was not accounted 
for in previous studies that have investigated the relationship between uncorrected 
hyperopia and academic performance (Rosner, 1987, 1997; Williams et al., 2005). 
However, there are some potential limitations in this design which need to be 
considered when interpreting the findings. While simulation of refractive error is a 
common research methodology (Little et al., 2012; Wills et al., 2012; Wolffsohn et 
al., 2011; Wood et al., 2009), the simulated refractive error used in this experiment 
does not necessarily equate to actual uncorrected refractive errors in children. The 
effects observed in this study may be different to those of children with habitual 
uncorrected hyperopia who may have partially adapted to their condition. Despite 
this limitation, the repeated measures simulation approach made it possible to isolate 
the impact of hyperopia alone without introducing inter-individual variations in 
performance. In addition, only children with minimal refractive error and normal 
binocular vision were included, thus, the introduction of bilateral hyperopic defocus 
might have resulted in a sudden change in the visual environment, altering the 
accommodation-vergence demand whereas children with habitual hyperopia may 
  
Chapter 5: The impact of simulated hyperopia on academic-related performance in children 161 
exhibit partial or complete adaptation to their refractive error and therefore perform 
differently to the outcome measures assessed in this current study. 
 
The use of non-cycloplegic measures to determine the refractive errors of the 
participants in this study may have underestimated any latent hyperopia and therefore 
influenced the overall amount of simulated refractive error. However, a fogging 
technique (+1.50 D bilateral blur) was used to screen for potential latent hyperopes 
along with examination of the retinoscopy reflex with two participants with latent 
hyperopia being excluded. The mean reduction in binocular best corrected visual 
acuity with the fogging lens was 0.66 ± 0.07 logMAR (over six lines reduction in 
acuity). This reduction in visual acuity suggests that the relatively emmetropic 
participants in this current study had minimal latent hyperopia; the normal binocular 
vision profile in all participants identified during the initial screening further supports 
this premise. This is consistent with Fotedar et al. (2007) who reported that 
emmetropic 12 year olds showed minimal manifestation of hyperopia following 
cycloplegia (0.25 D to 0.50 D more hyperopia).  
 
Another potential limitation of this study was that the participants were generally 
skewed towards above average academic achievers (based on the average percentile 
rank of all academic-related outcome measures during the optimal refractive 
correction prior to the sustained near work task), which may explain the minimal 
variation between participants. The working distance adopted in this study (40cm) 
also needs to be considered. While this distance is commonly used in clinical settings 
(Rosenfield et al., 2001), studies have shown that some children may adopt a closer 
working distance when performing near tasks (Ritty et al., 1993; Rosenfield et al., 
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2001). However, a constant working distance was used for all participants in order to 
avoid introducing a further confounding variable of each child‘s habitual near 
working distance. For example, a working distance of 30cm would impose a greater 
accommodative-vergence demand (an increase of approximately 0.83 D 
accommodative demand and 4.8∆ vergence demand, assuming a PD of 60cm) that 
would potentially reduce academic-related performance further. In addition, the time 
taken to complete all of the outcome measures may have resulted in a potential 
fatigue effect. However, this effect was minimised by randomising the order in 
which the outcome measures were administered between participants. The prolonged 
wear of a trial frame throughout the experimental session may have been 
uncomfortable for the participants and could also have contributed to the reduction in 
performance observed following sustained near work. Therefore, future studies 
should address this issue by including the simulation lenses in comfortable children‘s 
spectacles frames. 
 
5.8 CONCLUSIONS 
In summary, this study demonstrated that a low level of simulated hyperopia in 
children resulted in impaired performance on a range of academic-related measures, 
with fatigue from sustained near work further exacerbating this effect. These findings 
have important implications for eye care practitioners in terms of screening and 
management of relatively low levels of hyperopia in school-aged children, in 
particular with regard to their academic performance. The demonstrated detrimental 
impact of sustained near work on the outcome measures also has important 
implications for school teachers, given that continuous near work is a common task 
in classrooms. Future studies should explore the impact of different magnitudes of 
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both bilateral and unilateral simulated hyperopia and, more importantly, explore 
these relationships in children with habitual uncorrected hyperopia, who may have 
adapted partially or completely to their refractive error. Studies investigating the 
functional effect of hyperopia should also include children with a wider range of 
academic ability, particularly those whose performance is below average for their 
age or school grade level as they may be disadvantaged to a greater extent in the 
presence of uncorrected hyperopia. 
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Chapter 6: The impact of simulated 
hyperopic anisometropia on academic-
related performance in children 
6.1 INTRODUCTION 
The findings in Chapter 5 demonstrated that a relatively low level of simulated 
bilateral hyperopia (+2.50 D) resulted in a significant decrement in performance 
across a range of academic-related measures in children, with sustained near work 
further exacerbating these decrements. Since anisometropia, an asymmetry in 
refractive error between the fellow eyes, has a relatively high prevalence within the 
paediatric population, its functional impact upon academic-related performance in 
children is important to investigate. 
 
Anisometropia affects up to 11% of children, depending upon the definition of 
anisometropia used and the age of the population studied (Giordano et al., 2009; 
Huynh et al., 2006; Ingram et al., 1979; Jamali et al., 2009; Tong et al., 2004; 
Walline & Carder, 2012). The clinical management of childhood anisometropia 
initially involves the correction of refractive error asymmetry in those patients with 
risk factors for strabismus or amblyopia in order to ensure clear retinal images in 
each eye (Moseley et al., 2002; Stewart et al., 2004), followed by occlusion therapy, 
if required, to promote optimal visual development (Cotter, 2006; Pediatric Eye 
Disease Investigator Group, 2002). In the absence of strabismus, refractive correction 
has been recommended for the following anisometropic refractive errors in children 
aged 3 years and above: hyperopia ≥ 1.00-1.50 D, myopia ≥ 2.00-3.00 D and 
astigmatism ≥ 1.50-2.00 D (American Academy of Ophthalmology Pediatric 
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Ophthalmology/Strabismus Panel, 2012; Leat, 2011). However, these guidelines are 
designed to prevent the development of amblyopia, associated with moderate levels 
of anisometropia, rather than to promote optimal visual performance for relevant 
educational activities such as reading, writing and other classroom tasks. In addition, 
it is still unclear as to the minimum level of anisometropia that requires refractive 
correction in normal children, separate to the risk of strabismus or amblyopia 
development (Brooks et al., 1996; Dadeya & Shibal, 2001; Oguz & Oguz, 1999). 
 
There is currently little evidence regarding the impact of uncorrected anisometropia 
on children‘s performance in school. Some older studies have reported an association 
between uncorrected anisometropia and impaired reading skills (Drasdo, 1970; 
Eames, 1948, 1964; Norn et al., 1969), however, the mechanisms underlying this 
association have not been fully established (e.g. foveal suppression, altered binocular 
coordination or aniso-accommodative stress) (Dadeya & Shibal, 2001; Johansson et 
al., 2014; Simons & Grisham, 1987). In addition, some of these studies have failed to 
define the criteria used to classify children as anisometropic or as poor readers and 
may have included amblyopic anisometropes which confounds the influence of 
anisometropia alone upon academic performance. 
 
There have also been some attempts to empirically determine the magnitude of 
uncorrected anisometropia that may be functionally problematic, by simulating 
uncorrected anisometropia in adults and assessing binocularity (e.g. stereoacuity or 
suppression). Simulation of both spherical and astigmatic anisometropia as low as 
1.00 D has been shown to degrade binocular vision (Brooks et al., 1996; Dadeya & 
Shibal, 2001; Oguz & Oguz, 1999), however, gross fusion remains intact at higher 
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levels of anisometropia simulation under more natural conditions (up to 3.00 D when 
using Bagolini lenses) (Brooks et al., 1996; Dadeya & Shibal, 2001). Binocular 
rivalry leading to foveal suppression has been suggested as one possible mechanism 
underlying the reduction in performance in various outcome measures (Dadeya & 
Shibal, 2001; Simpson, 1991).  
 
However, a recent study suggests that reading performance in adults does not differ 
significantly under monocular or binocular viewing conditions (Johansson et al., 
2014). This supports the likelihood that a mechanism other than central suppression, 
such as altered vergence demand, aniso-accommodative stress or altered sensory 
fusion, degrades reading performance in simulated anisometropia. Another important 
issue is that simulation studies that have been undertaken in adults did not account 
for ocular dominance which may be a potential confounding variable (Brooks et al., 
1996; Dadeya & Shibal, 2001; Oguz & Oguz, 1999). It could be hypothesised that 
inducing monocular defocus in the dominant eye, typically the right eye in 50-80% 
of the population (Lopes-Ferreira et al., 2013), would result in a greater reduction in 
performance than if the simulation was induced in the non-dominant eye, since it is 
the preferred eye for visual input (Porac & Coren, 1976). Current evidence regarding 
the association between ocular dominance and functional reading performance is, 
however, mixed; where some studies have reported superior performance in children 
with ‗fixed‘ dominance (an identifiable dominant eye) (Maples, 2002; Shneor & 
Hochstein, 2005), while others have found no association (Zeri et al., 2011). 
 
Importantly, the impact of simulated anisometropia on standardised academic-related 
performance in children has not been investigated and while the simulation studies 
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conducted on adults provide valuable insight into the impact of uncorrected 
anisometropia on visual performance as discussed above, they did not include 
relevant functional tasks as outcome measures (Brooks et al., 1996; Dadeya & 
Shibal, 2001; Oguz & Oguz, 1999). In addition, an early observational study (Ritty et 
al., 1993), as well as the investigation of learning activities in modern primary 
classrooms (Chapter 4), demonstrate that sustained near work is an important 
component of learning within the school environment. However, the impact of 
uncorrected anisometropia on sustained school based near tasks has not been 
established. Therefore, the primary aim of the current experiment was to investigate 
the impact of simulated hyperopic anisometropia, combined with sustained near 
work, on a range of standardised academic-related measures in children. The 
influence of ocular dominance on changes in outcome measures in the presence of 
anisometropia simulation was also examined given the lack of current evidence on 
the possible role of eye dominance on functional performance. A further aim was to 
explore whether changes in stereoacuity underlie any reductions observed in the 
academic-related outcome measures as a result of simulated hyperopic 
anisometropia. The hypotheses of this experiment were: 
 Simulated hyperopic anisometropia would significantly impair functional 
reading performance, visual information processing and reading-related eye 
movements, which would be exacerbated following sustained near work. 
 Ocular dominance would influence the changes observed in these outcome 
measures (a greater decrement when the defocus is imposed on the dominant 
eye). 
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 Changes in stereoacuity in the presence of hyperopic anisometropia 
simulation would be associated with reductions in performance of the 
academic-related outcome measures.  
 
6.2 STUDY DESIGN AND METHODS 
The sample included sixteen visually normal children (mean age: 11.1 ± 0.8 years) 
comprising 10 males and 6 females (six Year 5, seven Year 6 and three Year 7 
children), all of whom spoke English as their first language. The general study design 
and protocol, participant recruitment, vision screening procedures and inclusion 
criteria used for this study were the same as those outlined in Chapter 5 (section 5.2 - 
5.4). The academic-related outcome measures used and their administration protocol, 
which include the Neale Analysis of Reading Ability, the Coding and Symbol Search 
subtests (processing speed domain) of the WISC-IV and the DEM test, have also 
been described in Chapter 5. The following section describes any supplementary 
methodologies and outcome measures employed for this study of simulated 
hyperopic anisometropia that were not included and described in Chapter 5. 
 
6.2.1 Experimental procedure 
This study utilised a within and between subjects repeated measures design, the 
within subject factors including anisometropia simulation (with or without 
monocular hyperopic defocus of 0.75 D) and sustained near work (before and after 
20 minutes near work); laterality of the simulation with respect to ocular sighting 
dominance was included as a between-subject factor. Each participant completed the 
academic-related outcome measures described in Chapter 5 under each of the two 
visual conditions (with and without the anisometropia simulation), before and after 
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20 minutes of sustained near work. Each participant wore their optimal refractive 
correction throughout all experimental procedures (full aperture lenses in a trial 
frame), with the -0.75 D lens placed in front of the allocated eye during the simulated 
hyperopic anisometropia condition.  
 
The level of simulated anisometropia selected for this study was 0.75 D. This 
provided the opportunity to investigate whether a magnitude of anisometropia less 
than the current recommendations for refractive correction in children (≥ 1.00 D 
hyperopic anisometropia) (Leat, 2011) has a functional impact on performance. In 
addition, since both hyperopia (Grisham & Simons, 1986; Rosner, 1997; Simons & 
Gassler, 1988) and anisometropia (Eames, 1964) have been linked with below 
average reading performance, a monocular hyperopic simulation was employed 
instead of a bilateral asymmetric hyperopia simulation to isolate the impact of 
uncorrected anisometropia without the confounding influence of uncorrected 
ametropia (i.e. bilateral hyperopia). The monocular hyperopic defocus was induced 
in the dominant eye for half of the participants and the non-dominant eye for the 
other half. Ocular sighting dominance was determined once using a modified hole-
in-the-card test during distance fixation, which is a commonly used clinical test 
despite having some limitations (Laby & Kirschen, 2011). 
 
6.2.2 Additional outcome measure – Stereoacuity 
Stereoacuity was included as an additional outcome measure given that previous 
studies have suggested that binocular rivalry leading to foveal suppression may be a 
possible mechanism underlying the reduction in performance observed in the 
presence of anisometropia simulation (Dadeya & Shibal, 2001; Simpson, 1991). 
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Stereoacuity was assessed using the TNO test following the procedure outlined in 
Chapter 5 (5.2.1: Participant recruitment and vision screening). This measurement 
was conducted at baseline and immediately following the introduction of the optimal 
refractive correction and the hyperopic anisometropia simulation to investigate any 
change in this parameter resulting from simulated anisometropic hyperopia.  
 
6.3 STATISTICAL ANALYSIS 
Normality of the data was assessed using the Shapiro-Wilk test, which revealed that 
all data were normally distributed. A three way repeated measures analysis of 
variance (ANOVA) was used to examine the influence of refractive error simulation 
(with or without 0.75 D monocular hyperopic defocus) and sustained near work 
(before and after 20 minutes near work) on the various academic-related outcome 
measures. The laterality of imposed defocus with respect to ocular dominance was 
included as a between-subjects factor to evaluate the influence of ocular dominance 
upon the observed changes. All two-way and three-way interactions were examined. 
Non-parametric tests (the Wilcoxon Signed Rank and the Kruskal Wallis tests) were 
conducted to investigate the impact of the monocular defocus on stereoacuity since 
this is a discrete (non-continuous) variable. Pearson‘s correlation was used to 
investigate if changes in stereoacuity were potentially underlying the reductions 
observed in the academic-related outcome measures. The raw scores obtained from 
each academic-related outcome measure were used in the statistical analyses. A p-
value of less than 0.05 was considered statistically significant. Raw scores were 
further converted to percentile ranks for each outcome measure to provide an 
estimate of the reduction in functional performance associated with sustained near 
work and the simulated anisometropia. 
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6.4 RESULTS 
All participants had minimal (near emmetropic) refractive error and their binocular 
vision was within clinically normal limits for children in this age group (Hayes et al., 
1998; Jimenez et al., 2004; Rouse et al., 1999; Scheiman & Wick, 2008), as 
summarised in Table 6-1. None of the participants exhibited absolute spherical 
equivalent anisometropia greater than 0.25 D or astigmatism greater than 0.25 D and 
all had best corrected visual acuity of 0.00 logMAR or better in either eye. Eleven 
participants were right eye dominant and the remaining five were left eye dominant. 
The mean reduction in binocular best corrected visual acuity with the +1.50 D 
fogging lens was as expected for this magnitude of imposed defocus if the 
participants were optimally corrected (Rabbetts, 2007a). One participant (additional 
to the main cohort of 16) who failed the fogging test (an indication of latent 
hyperopia) was excluded from the study. Table 6-2 shows the group mean data for 
each of the outcome measures with the optimal refractive correction and the 0.75 D 
hyperopic anisometropia simulation, before and after 20 minutes of sustained near 
work, while Table 6-3 summarises the results of the statistical analyses which are 
considered in the following sections. Table 6-4 shows the group mean data of 
percentile ranks of the academic-related measures for each experimental condition. 
Data collected with the optimal refractive correction prior to the sustained near work 
task indicated that the participants had an above average score on all the academic-
related outcome measures (with a group mean equal to the 75
th
 percentile). 
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    Table 6-1: Mean ± standard deviation and range of the visual characteristics of the 16 participants. 
 
Variables Mean ± SD Min Max 
Sphere RE (D) 0.19 ± 0.34 -0.50 +0.75 
Sphere LE (D) 0.14 ± 0.36 -0.75 +0.75 
Cylinder RE (D) -0.09 ± 0.13 0.00 -0.25 
Cylinder LE (D) -0.11 ± 0.13 0.00 -0.25 
Best corrected binocular distance visual acuity (logMAR) -0.10 ± 0.07 0.00 -0.20 
Best corrected binocular near visual acuity (logMAR) -0.09 ± 0.07 0.00 -0.20 
Binocular visual acuity with +1.50 D (logMAR) 0.55 ± 0.06 0.44 0.64 
Reduction in binocular visual acuity with +1.50 D (logMAR) 0.66 ± 0.03 0.58 0.68 
Monocular amplitude of accommodation RE (D) 13.75 ± 1.18 11.00 15.00 
Monocular amplitude of accommodation LE (D) 13.69 ± 1.08 12.00 15.00 
Monocular amplitude of accommodation dominant eye (D) 13.94 ± 1.12 11.00 15.00 
Monocular amplitude of accommodation non-dominant eye (D) 13.50 ± 1.03 12.00 15.00 
Binocular amplitude of accommodation (D) 14.44 ± 1.21 12.00 16.00 
Near point of convergence (cm) 5.19 ± 0.98 3.00 6.00 
Random dot stereoacuity (seconds of arc) 30.00 ± 13.42 15.00 60.00 
Near dissociated horizontal heterophoria (∆)* 1.56 ± 2.92  -3.00 6.00 
         * Positive value denotes exophoria 
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Table 6-2: Group mean data (standard deviation) for all the visual conditions before and after 20 minutes of sustained near work. 
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Visual condition 
Mean Performance (SD) 
Optimal correction 
0.75 D hyperopic anisometropia 
simulation 
Sustained near work  
(20 minutes) 
Before After Before After 
A
ca
d
em
ic
-r
e
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d
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m
e 
m
ea
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re
s 
Reading performance
 a     
Rate (words per minute) 135.33 (8.47) 133.87 (8.18) 132.66 (8.55) 130.29 (9.29) 
Accuracy (words read correctly) 89.50 (4.60) 88.13 (4.08) 87.31 (5.00) 85.56 (4.90) 
Comprehension (questions answered correctly) 33.06 (3.40) 32.31 (3.16) 31.38 (3.40) 29.56 (3.10) 
Visual Information Processing (VIP) (WISC subtests)
a     
Coding (correct responses) 56.88 (11.72) 55.63 (12.24) 54.69 (11.27) 52.31 (11.61) 
Symbol Search (correct responses) 35.69 (6.32) 34.38 (6.02) 34.00 (6.24) 31.44 (5.91) 
Developmental Eye Movement test (DEM)
b     
Adjusted vertical time (s) 38.14 (3.83) 39.17 (4.25) 39.36 (4.22) 40.96 (4.28) 
Adjusted horizontal time (s) 42.57 (5.00) 43.64 (5.51) 44.12 (5.24) 46.54 (5.65) 
Ratio 1.11 (0.05) 1.11 (0.05) 1.12 (0.06) 1.14 (0.06) 
a
 Higher score indicates better performance 
b
 Higher score indicates poorer performance 
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Table 6-3: Results of the repeated measures ANOVAs with ocular dominance as the between-subjects factor. 
 
Academic-related outcome measures 
F(1,14) for repeated measures ANOVA 
Hyperopic 
anisometropia 
simulation 
Hyperopic 
anisometropia 
simulation x 
dominance 
Sustained near 
work 
Sustained near 
work x 
dominance 
Hyperopic 
anisometropia 
simulation x 
sustained near 
work 
Hyperopic 
anisometropia 
simulation x 
sustained near 
work x 
dominance 
Ocular 
dominance 
Reading performance
 
        
Rate (words per minute) 143.77** 2.65 49.21** 1.11 5.16* 1.53 2.46 
Accuracy (words read correctly) 59.63** 1.03 68.90** 1.76 1.52 0.68 0.52 
Comprehension (questions answered correctly) 75.56** 1.81 70.46** 2.05 9.24* 3.87 1.37 
Visual Information Processing (VIP) (WISC 
subtests) 
       
Coding (correct responses) 37.44** 3.79 70.93** 0.76 6.52* 9.74* 0.32 
Symbol Search (correct responses) 84.43** 0.25 76.88** 0.00 10.69* 0.96 2.17 
Developmental Eye Movement test (DEM)        
Adjusted vertical time (s) 34.92** 0.08 33.86** 1.06 2.68 0.57 0.63 
Adjusted horizontal time (s) 48.96** 0.06 37.86** 1.43 10.60* 0.82 1.49 
Ratio 34.80** 0.13 14.06* 0.02 8.90* 0.02 2.00 
* p < 0.05, ** p < 0.001
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Table 6-4: Group mean data (standard deviation) of the percentile ranks for both of the visual conditions before and after sustained 
near work. 
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 Visual condition 
Mean Percentile Rank (SD) 
Optimal correction 
0.75 D hyperopic anisometropia 
simulation 
Sustained near work  
(20 minutes) 
Before After Before After 
A
ca
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e 
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Reading performance
      
Rate (words per minute) 86.38 (7.25) 85.38 (6.90) 84.13 (7.38) 82.94 (7.97) 
Accuracy (words read correctly) 77.56 (10.97) 74.44 (9.84) 73.00 (10.82) 68.32 (10.55) 
Comprehension (questions answered correctly) 83.12 (10.97) 81.06 (10.84) 77.75 (11.45) 71.63 (11.70) 
Visual Information Processing (VIP) (WISC subtests)*
 86.81 (13.50) 85.44 (15.02) 83.19 (16.25) 77.63 (21.19) 
Developmental Eye Movement test (DEM)
     
Adjusted vertical time (s) 60.56 (18.47) 55.88 (20.69) 54.00 (21.17) 46.25 (22.32) 
Adjusted horizontal time (s) 66.88 (18.25) 61.56 (19.72) 59.69 (19.36) 51.56 (20.00) 
Ratio 62.94 (16.77) 62.31 (16.52) 58.19 (18.54) 55.19 (17.36) 
Mean of all academic-related measures (SD) 74.89 (11.26) 72.29 (12.31) 69.99 (12.55) 64.79 (13.93) 
*Percentile rank for the VIP measure was determined by combining the scores of both the Coding and Symbol Search subtests together as per the test manual 
  A reduction below the 20
th
 to 25
th
 percentile is usually considered as low level performance for all these academic-related measures
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Reading performance 
Reading rate, accuracy and comprehension were all significantly and independently 
reduced by both simulated hyperopic anisometropia (p<0.001) and sustained near 
work (p<0.001), with a significant interaction between these factors for reading rate 
(p = 0.04) and comprehension (p = 0.01), as shown in Figure 6-1, where the 
reduction in performance following near work was significantly larger in the 
presence of simulated anisometropia compared to the optimal correction There was 
no significant between group effect of ocular dominance (whether the hyperopic 
defocus was imposed before the dominant or non-dominant eye) and no other 
significant two-way or three-way interactions. Hyperopic anisometropia simulation 
alone resulted in a reduction in each of the reading components examined including 
2% for rate, 2% for accuracy and 5% for comprehension. These performance 
reductions were twice as large for the hyperopic anisometropia simulation in the 
presence of sustained near work; 4% (rate and accuracy) and 11% (comprehension). 
On average, participants dropped from the 82
nd
 percentile (optimal refractive 
correction before sustained near work) to the 78
th
 percentile in the presence of 
simulated hyperopic anisometropia alone and further to the 74
th
 percentile following 
sustained near work. 
 
Visual information processing performance  
Performance on the Coding and Symbol Search subtests was significantly reduced by 
both simulated hyperopic anisometropia (p<0.001) and sustained near work 
(p<0.001). In addition, a significant interaction was observed between simulated 
hyperopic anisometropia and sustained near work for both the Coding (p = 0.02) and 
Symbol Search (p = 0.01) subtests, as shown in Figure 6-2, where the reduction in 
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performance following near work was significantly larger in the presence of 
simulated anisometropia compared to the optimal correction. There was no 
significant between group effect of ocular dominance and no other significant two-
way or three-way interactions, with the exception of a three-way interaction between 
simulated anisometropia, near work and ocular dominance for the Coding subtest 
only. This interaction occurred due to performance on the Coding subtest being more 
impaired following near work when hyperopic anisometropia was simulated in the 
non-dominant rather than the dominant eye. A reduction of 4% and 5% in 
performance was observed for Coding and Symbol Search respectively, with 
combined sustained near work doubling these reductions; Coding (8%) and Symbol 
Search (12%). Hyperopic anisometropia simulation alone resulted in participants 
dropping from the 87
th
 percentile (optimal refractive correction before sustained near 
work) to the 83
rd
 percentile and further to the 78
th
 percentile following sustained near 
work. 
 
Reading-related eye movement performance 
All three components of the DEM test (adjusted vertical time, adjusted horizontal 
time and ratio) were significantly increased by both hyperopic anisometropia 
simulation (p<0.001) and sustained near work; vertical time (p<0.001), horizontal 
time (p<0.001) and ratio (p=0.002). A significant interaction between hyperopic 
anisometropia simulation and near work was also observed for the DEM horizontal 
time (p = 0.01) and ratio (p = 0.01), as shown in Figure 6-3, where the reduction in 
performance following near work was significantly larger in the presence of 
simulated anisometropia compared to the optimal correction.  However, there was no 
significant between group effect of ocular dominance and no other significant two-
  
Chapter 6: The impact of simulated hyperopic anisometropia on academic-related performance in children 179 
way or three-way interactions. Slower vertical (3%) and horizontal (4%) times, and 
an increased ratio (1%) were observed with the hyperopic anisometropia simulation. 
These reductions in performance were more than doubled in the presence of 
sustained near work; 7% in vertical time, 9% in horizontal time and 3% in ratio. On 
average, participants dropped from the 63
rd
 percentile (optimal refractive correction 
before sustained near work) to the 57
th
 percentile in the presence of simulated 
hyperopic anisometropia alone and further to the 51
st
 percentile following sustained 
near work.
 Chapter 6: The impact of simulated hyperopic anisometropia on academic-related performance in children 180 
 
 
Figure 6-1: Mean reading performance (Neale Analysis of Reading Ability Test: 
higher score indicates better performance): rate (A) accuracy (B) and comprehension 
(C) before and after the 20 minute sustained near work task with and without the 
0.75 D hyperopic anisometropia simulation (error bars represent the standard error of 
the mean). 
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Figure 6-2: Mean VIP performance (WISC subtests: higher score indicates better 
performance): Coding (A) and Symbol Search (B) before and after the 20 minute 
sustained near work task with and without the 0.75 D hyperopic anisometropia 
simulation (error bars represent the standard error of the mean). 
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Figure 6-3: Mean DEM test performance (higher score indicates poorer 
performance): vertical time (A) horizontal time (B) and ratio (C) before and after the 
20 minute sustained near work task with and without the 0.75 D hyperopic 
anisometropia simulation (error bars represent the standard error of the mean). 
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A small but statistically significant reduction in stereoacuity was observed 
immediately following the introduction of the hyperopic anisometropia simulation (Z 
= -2.41, p = 0.02). This decrease in stereoacuity was similar regardless of whether 
the hyperopic defocus was added to the dominant (median: 0.00, IQR: 0 - 30.00 
seconds of arc) or non-dominant eye (median: 7.50, IQR: 0 - 26.25 seconds of arc) 
(X
2
(1) = 0.09, p = 0.77). There were no significant associations between this change 
in stereoacuity and the observed changes in any of the functional performance 
measures (p>0.05), as summarised in Table 6-5.  
 
Table 6-5: Pearson‘s correlation coefficients of the change in academic-related 
outcome measures in relation to the change in stereoacuity with the addition of 0.75 
D hyperopic anisometropia simulation (without sustained near work). 
 
Academic-related outcome measures 
r value 
(p-value) 
Reading performance 
Rate 
Accuracy 
Comprehension 
 
0.01 (0.98) 
-0.24 (0.36) 
-0.25 (0.35) 
VIP performance 
Coding 
Symbol Search 
 
-0.34 (0.20) 
-0.16 (0.54) 
DEM performance 
Adjusted vertical time 
Adjusted horizontal time 
Ratio 
 
0.35 (0.19) 
0.46 (0.07) 
-0.06 (0.83) 
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6.5 DISCUSSION 
In this experiment, the impact of simulated hyperopic anisometropia on standardised 
academic-related measures in children before and after a period of sustained near 
work was examined, as well as whether the impairment in these outcome measures 
was dependent on ocular dominance. Consistent with the first hypothesis, a low level 
of simulated hyperopic anisometropia significantly impaired performance on a range 
of standardised academic-related measures in children with a normal visual profile. 
Sustained near work further exacerbated this effect, with almost double the impact 
across all measures. However, contrary to the second hypothesis, ocular dominance 
did not appear to have a significant impact on the magnitude of impairment resulting 
from the anisometropic simulation.  
 
All three aspects of reading performance assessed were impaired by simulated 
hyperopic anisometropia, with a larger decrement observed for reading 
comprehension (5%), compared to reading rate (2%) and accuracy (2%). This 
degradation in performance observed in the presence of hyperopic anisometropia was 
exacerbated following sustained near work (comprehension (11%), rate (4%) and 
accuracy (4%)). This finding has important implications for children in the ‗reading 
to learn‘ stage. In this stage, reading is an important tool for learning new ideas or 
obtaining new knowledge, with greater emphasis placed upon the comprehension 
component (Borsting, 2006a; Chall, 1983). Therefore, low levels of uncorrected 
hyperopic anisometropia in children may impact on their ability to rapidly and 
accurately comprehend written information, which may subsequently impact on their 
overall academic performance. These results also support the early work of Eames 
(1948, 1964), who reported an association between uncorrected hyperopic 
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anisometropia and reduced reading performance. However, these early studies failed 
to define ―reduced reading performance‖ or account for potential confounding 
variables such as coexistent ametropia or amblyopia.  
 
Simulated hyperopic anisometropia also significantly reduced VIP skills, which have 
been shown to be associated with measures of academic performance such as 
reading, writing, spelling and mathematic ability in children (Chen et al., 2011; 
Kavale, 1982; Kulp, 1999). Hyperopic anisometropia resulted in poorer performance 
on both VIP subtests; Coding (4%) and Symbol Search (5%) and the observed 
decrements were further exacerbated following sustained near work (with 8% and 
12% reductions respectively). These subtests are similar to the near copying tasks 
typically performed in classrooms, which suggests that students with low levels of 
uncorrected hyperopic anisometropia may potentially be disadvantaged when 
interpreting information presented at near or in a classroom environment, particularly 
following sustained near work. This is also an important finding given that visual 
stimuli form a major portion of learning materials used in primary school classrooms 
(Garzia, 2006; Hellerstein et al., 2001) which is in accord with the observation 
findings reported in Chapter 4 of this thesis, where visual stimuli were involved in 
70% of daily academic tasks. 
 
Hyperopic anisometropia simulation alone (i.e. without near work) led to a reduction 
in DEM test performance, with the greatest impact seen on the horizontal (4%) 
component compared to the vertical time (3%) and ratio (1%). An even greater 
impact on each component was observed following sustained near work (vertical 
time (7%), horizontal time (9%) and ratio (3%)). These findings indicate that 
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simulated hyperopic anisometropia results in impairment of both RAN and RSEM 
skills. The impact of simulated hyperopic anisometropia was greater for the 
horizontal component than vertical, which resulted in an increased ratio, which 
suggests difficulties in reading tasks, given that performance on the horizontal 
subtest is shown to be associated with reading speed (Palomo-Álvarez & Puell, 
2009). While the ability of the DEM test to measure saccadic eye movements has 
been questioned, the DEM test (horizontal parameter) correlates well with certain 
aspects of reading and visual processing performance (Ayton et al., 2009). The 
reductions observed in both the reading and VIP tests in this current experiment also 
support this association. 
 
The detrimental impact of simulated hyperopic anisometropia on reading, VIP and 
reading-related eye movement performance, which was exacerbated following 
sustained near work, is consistent with the trend observed for the bilateral hyperopia 
simulation reported in Chapter 5. However, the extent of performance degradation 
observed across the range of academic-related measures was greater with bilateral 
hyperopia simulation compared to the simulated anisometropia. This may be partially 
due to the differences in the magnitude of the simulation used in each of these 
studies; 2.50 D for the bilateral hyperopia simulation and 0.75 D for the unilateral 
hyperopia simulation. Collectively, the findings from the experiments described in 
Chapters 5 and 6 suggest that both binocular and monocular uncorrected hyperopia 
have a negative impact on functional performance in children, particularly in the 
presence of sustained near fixation. Therefore, early detection of uncorrected 
hyperopia or anisometropia in children is important to minimise potential functional 
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disadvantage at school, using clinical techniques such as cycloplegic retinoscopy, 
fogging lenses or near point retinoscopy. 
 
An important aspect of this experiment was the inclusion of a sustained (20 minute) 
near work component which resulted in a small but significant decrement in 
performance on all of the academic-related measures even in the absence of the 
refractive error simulation. On average, the reduction in performance observed for all 
outcome measures following sustained near work alone was approximately two-
thirds of that observed during the hyperopic anisometropia simulation alone. 
Previous simulation studies on adults (Brooks et al., 1996; Dadeya & Shibal, 2001) 
have only investigated the influence of imposed refractive errors without a sustained 
near work component, which is a typical activity in most classrooms (Ritty et al., 
1993). The detrimental effect of sustained near work alone observed in this study is 
also in line with the results reported in Chapter 5 (between 1% to 4% reduction in 
performance for each outcome measure), which suggests that fatigue associated with 
task duration may impact negatively on a child‘s functional performance irrespective 
of their refractive status. This finding has important implications for the management 
of classroom activities by teachers given that the academic activities in school are 
dominated by near tasks which require students to maintain continuous near fixation 
for extended periods. The observation of learning activities in Year 5 and 6 
classrooms (Chapter 4) demonstrated that children were expected to maintain 
sustained near fixation for an average of 23 minutes at a time. Thus, frequent short 
breaks should be included during continuous near work activities to minimise fatigue 
associated with task duration, as this may impact on students‘ ability to perform 
optimally in school.  
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The second hypothesis that imposing unilateral hyperopic defocus upon the dominant 
eye would result in a greater decrement in performance compared to the non-
dominant eye was not supported by the findings of this experiment. Indeed, 
performance on the VIP Coding test was impaired to a greater extent following near 
work when anisometropia was simulated in the non-dominant eye; however, this was 
not observed for any other outcome measure. The results for reading performance in 
this current study are in accord with a recent study which reported only a weak 
agreement between reading performance and ocular dominance in subjects with 
normal binocular vision (Johansson et al., 2014). The low magnitude of 
anisometropia simulated in this study (0.75 D) may also contribute to the negligible 
influence of ocular dominance. This is supported by Johansson et al. (2014) who 
suggested that ocular dominance may be a better predictor of reading performance in 
the presence of a larger amount of asymmetry in refractive error between eyes. 
 
The findings of this study have important implications for the management of low 
levels of hyperopic anisometropic refractive error in children. Currently, hyperopic 
anisometropia ≥ 1.00 D is considered a clinically significant refractive error and 
correction is recommended to ensure normal visual development in children (Leat, 
2011). However, the current findings suggest that a lower level of hyperopic 
anisometropia, which may not typically be corrected according to established 
prescribing guidelines, has the potential to reduce functional performance, especially 
in the presence of sustained near work. On average, children‘s performance 
decreased from the 75
th
 percentile to the 70
th
 percentile during the simulation alone 
and further to the 65
th
 percentile following sustained near work, which suggests that 
children may perform below their full potential in the presence of low levels of 
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uncorrected anisometropia. This finding also suggests that uncorrected hyperopic 
anisometropia may be detrimental in children who are already performing below 
average for their age or school grade level. Therefore, children may benefit 
educationally from the refractive correction of relatively low levels of hyperopic 
anisometropia and this further supports the recommendations by some authors that 
the correction of mild anisometropic refractive errors (≤ 0.75 D) may be beneficial, 
especially in symptomatic children (Brookman, 1996; Carlson, 1996; Marsh-Tootle, 
1998). However, further investigations involving children with actual uncorrected 
hyperopic anisometropia are required to determine if such functional deficits 
manifest in habitually anisometropic children, as these children may adapt to their 
uncorrected refractive error to some degree. Intervention studies (prescribing for low 
levels of anisometropia) would also enable determination of whether refractive 
correction would be of benefit to academic-related performance, as was undertaken 
by a recent study investigating the benefit of prescribing for low levels of 
uncorrected bilateral hyperopia (as low as 0.50 D) on reading performance in 
children (van Rijn et al., 2014). 
 
The actual mechanisms underlying the changes in the academic-related outcome 
measures in the presence of hyperopic anisometropia and following near work 
remain unclear. Previous authors have proposed that foveal suppression due to 
anisometropic simulation may potentially contribute to the observed decrement in 
binocular vision parameters (stereoacuity and suppression) (Brooks et al., 1996; 
Dadeya & Shibal, 2001; Oguz & Oguz, 1999). However, while a statistically 
significant reduction in stereoacuity was observed during the anisometropia 
simulation it was only a small reduction (mean 13.12 ± 18.06 seconds of arc), 
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indicating that high level sensory fusion was only slightly disrupted. Importantly, in 
contrast to the final hypothesis of this experiment, correlation analysis did not reveal 
any significant relationship between the magnitude of the reduction in stereoacuity 
and changes in any of the academic-related measures, suggesting the influence of 
other underlying mechanisms. Another possible explanation for the decrement in 
functional performance could be that the asymmetric hyperopic simulation resulted 
in an unequal accommodative demand between the fellow eyes. This could lead to 
stress on the accommodation-vergence system, which may be further exacerbated in 
the presence of sustained near work. This hypothesis is based on evidence that aniso-
accommodation may be possible to a limited extent in the presence of simulated 
anisometropia (Bharadwaj & Candy, 2011; Koh & Charman, 1998; Marran & Schor, 
1998). Future studies should investigate the possible association of aniso-
accommodation on the functional impact caused by anisometropia simulation.    
 
The results of this experiment should be considered in light of some potential 
limitations. The impact of uncorrected anisometropia was investigated using a 
monocular hyperopic simulation rather than an asymmetric bilateral hyperopia 
simulation, which is a more common presentation in children with habitual 
hyperopic anisometropia. Therefore, the observed changes may underestimate the 
effect of actual (non-simulated) uncorrected hyperopic anisometropia upon 
academic-related performance in children, whose performance may also be 
influenced by hyperopic ametropia in addition to the interocular refractive difference. 
Other potential limitations include the use of a simulation approach (the observed 
effect on outcome measures may have been overestimated), non-cycloplegic 
refraction techniques for participant screening (which may have underestimated any 
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latent hyperopia), the limited range of academic ability of participants (biased 
towards above average achievers, based on the average percentile rank of all 
academic-related outcome measures during the optimal refractive correction prior to 
the sustained near work task), prolonged wearing of trial frame and the working 
distance of 40cm, as discussed in Chapter 5. 
 
6.6 CONCLUSION 
This is the first experiment to examine the impact of simulated anisometropia on 
functional measures that are relevant to academic performance in children. A low 
level of simulated hyperopic anisometropia resulted in poorer academic-related 
performance with fatigue from sustained near work further exacerbating this effect. 
These results suggest that early detection of uncorrected anisometropia in children 
through vision screening and refractive correction is not only important to prevent 
anisometropic amblyopia, but also to minimise potential functional disadvantage at 
school. Future studies should explore the impact of different magnitudes of simulated 
anisometropia on academic-related performance in children, and particularly in those 
with habitual uncorrected hyperopic anisometropia as they may be affected 
differently due to adaptation to their refractive error. It would also be of interest to 
investigate potential factors such as aniso-accommodation as possible mechanisms 
contributing to the reduction of functional performance in the presence of 
anisometropia. 
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Chapter 7: The impact of simulated 
astigmatism on academic-related 
performance in children 
7.1 INTRODUCTION 
In the studies described in Chapter 5 and 6, it was demonstrated that simulated 
hyperopic refractive error, both bilateral (2.50 D) and unilateral (0.75 D) resulted in a 
significant decrease in functional outcome measures related to academic performance 
in children. These results suggest that uncorrected refractive error, even of relatively 
low magnitude, may detrimentally affect the capacity of children to perform 
optimally in school. In this experiment, the impact of simulated astigmatism, another 
relatively common refractive error in children, on functional measures related to 
academic performance was investigated. 
 
A population based survey of 6-year-old Australians revealed that 24% of children 
had uncorrected simple astigmatism ≥ 1.00 D and 46% of children were considered 
to be astigmatic when astigmatism and spherical refractive errors were considered in 
combination (Robaei et al., 2005b). However, despite being a prevalent refractive 
condition in paediatric populations, the empirical evidence concerning the 
relationship between uncorrected astigmatism and academic performance in children 
is limited. The evidence that does exist is mixed, with some studies reporting reduced 
measures of academic performance, such as reading ability, in the presence of 
uncorrected astigmatism (Garber, 1981) while others failed to find any association 
(Eames, 1948). 
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A number of studies have used a simulation approach to investigate the magnitude of 
uncorrected astigmatism that is likely to be problematic in adults in terms of visual 
performance outcomes such as reading (Casagrande et al., 2014; Kobashi et al., 
2012; Schubert & Walton, 1968; Wills et al., 2012; Wolffsohn et al., 2011). These 
studies demonstrated that the impact of simulated astigmatism on measures of visual 
function depended on both the magnitude of astigmatism and the axis; astigmatism 
between 0.75 to 1.00 D was shown to significantly impair reading ability. One study 
hypothesised that the decrease in reading performance, which was more evident for 
smaller text sizes, may be a consequence of the reduced visual resolution resulting 
from the simulated astigmatism (Wills et al., 2012).  
 
However, no definitive conclusions can be drawn from the evidence available from 
previous studies regarding the influence of the axis of astigmatism. While some 
studies have reported that with-the-rule (WTR) astigmatism is more detrimental to 
performance (Casagrande et al., 2014; Trindade et al., 1997), others suggest that 
against-the-rule (ATR) astigmatism results in greater reduction in performance 
(Wills et al., 2012; Wolffsohn et al., 2011) and further studies revealed equivalent 
performance with WTR and ATR astigmatic simulations (Kobashi et al., 2012; 
Ohlendorf et al., 2011b; Remon et al., 2006). These differences between studies may 
be a result of differences in the specific methodologies employed. These include 
factors such as the method of astigmatic simulation (cylindrical lenses with or 
without spherical equivalent compensation), the functional assessments used as 
outcome measures (visual acuity, reading or driving performance), the age of 
participants (young or older adults), pupil size (natural or artificial) and level of 
accommodative control (with or without cycloplegia). 
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The impact of simulated astigmatism on standardised measures that are related to 
academic performance in children has not been previously investigated. Children 
spend 4 to 5 hours each day on academic activities and have been shown to maintain 
constant near fixation for up to 16 minutes (Ritty et al., 1993). Similarly, the 
investigation into modern primary school classrooms (Chapter 4) demonstrated that 
near work tasks comprised 47% of class time (120 minutes per day) with the mean 
duration of sustained fixation near tasks being 23 minutes, however, the impact of 
uncorrected astigmatism on sustained school-based near tasks has not been 
established. The aim of the current experiment was thus to investigate the impact of 
simulated bilateral astigmatism, combined with sustained near work, on a range of 
standardised academic-related measures in children. The influence of the axis of the 
astigmatic simulation (WTR or ATR) on performance was also investigated given 
conflicting results in the literature regarding the role of astigmatic axis on 
performance. The association between the reduction in distance and near visual 
acuity during simulated astigmatism and the observed changes in academic-related 
performance was also explored. The hypotheses of this experiment were: 
 Simulated bilateral astigmatism would significantly impair functional reading 
performance, visual information processing and reading-related eye 
movements, which would be exacerbated following sustained near work. 
 The axis of the astigmatic simulation would significantly influence the 
changes observed in these outcome measures. 
 The change in distance and near visual acuity in the presence of bilateral 
astigmatism simulation would be associated with reductions in performance 
of the academic-related measures.  
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7.2 STUDY DESIGN AND METHODS 
Twenty children (mean age 10.8 ± 0.7 years) participated in this study, consisting of 
6 males and 14 females (nine Year 5, eight Year 6 and three Year 7 children). The 
participants were all of Caucasian ethnicity and spoke English as their first language. 
The general study design and protocol, participant recruitment, vision screening 
procedures and inclusion criteria used for this study are the same as those outlined in 
Chapter 5 (section 5.2 - 5.4). The academic-related outcome measures used and their 
administration protocol, which included the Neale Analysis of Reading Ability, the 
Coding and Symbol Search subtests (processing speed domain) of the WISC-IV and 
the DEM test, have also been described in Chapter 5. The following section describes 
any supplementary methodologies and outcome measures employed for this 
investigation of the effects of simulated bilateral astigmatism that were not included 
and described in Chapter 5. 
 
7.2.1 Additional outcome measure – Distance and near visual acuity 
Visual acuity was included as an additional outcome measure given that a previous 
study suggested that the reduction in visual resolution resulting from simulated 
astigmatism may be a possible mechanism underlying the reduction in performance 
observed (Wills et al., 2012). Binocular distance visual acuity (VA) was measured 
using a standard high contrast Bailey-Lovie logMAR chart at a distance of 6m under 
the recommended illumination conditions (680 lux) (Elliott, 2007). Participants read 
each letter commencing from the top line of the chart and were encouraged to read 
letters when unsure. The measurement was terminated once four letters were 
reported incorrectly on a line (Carkeet, 2001). Visual acuity was scored on a letter by 
letter basis with each correctly identified letter representing a score of -0.02 log units 
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(Bailey & Lovie, 1976). The same procedure was used to measure binocular near 
visual acuity using a high contrast near Bailey-Lovie logMAR letter chart at 40cm. 
 
7.2.2 Experimental procedure 
Assessments of visual acuity and academic-related performance were conducted 
binocularly with either the participant‘s optimal refractive correction or the bilateral 
astigmatic simulation (added to the optimal refractive correction), in two separate 
sessions.  Measurements were conducted immediately following the introduction of 
each of the visual conditions which were induced using full aperture trial lenses in a 
trial frame, and repeated again after 20 minutes of sustained near work (with the 
optimal refraction or the simulation lenses in place).  
 
Published guidelines for the correction of childhood refractive errors recommend 
prescribing for uncorrected astigmatism between 1.00 to 2.00 D (Donahue, 2007; 
Miller & Harvey). Therefore, 1.50 D, the intermediate level of this range, was 
selected for this study. The orientation of the axis of astigmatism was systematically 
varied between participants, with half receiving a WTR astigmatic simulation and the 
other half receiving an ATR astigmatic simulation. These orientations were chosen 
since WTR and ATR astigmatism are more common in children compared to oblique 
astigmatism (Huynh et al., 2007; Junghans et al., 2002). Bilateral astigmatism was 
simulated using positive cylindrical lenses (i.e. +1.50 D oriented at either 90 or 180 
degrees added to the optimal sphero-cylindrical refraction) with the inclusion of a 
compensating negative spherical lens to ensure the simulation condition maintained a 
plano spherical equivalent (i.e. -0.75 DS/ +1.50 DC x 90 or 180). This resulted in a 
1.50 D simulated astigmatic interval, with +0.75 D and -0.75 D of imposed defocus 
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along each principal meridian, and the circle of least confusion positioned at the 
retinal plane.  
 
7.3 STATISTICAL ANALYSIS 
Statistical analysis was performed using SPSS 21.0. Normality of the data was 
determined using the Shapiro-Wilk test, which revealed that all data were normally 
distributed. A three-way repeated measures analysis of variance (ANOVA) was used 
to examine the influence of refractive error simulation (with or without 1.50 D of 
bilateral astigmatism) and sustained near work (before and after the 20 minute near 
task) on the various academic-related outcome measures. The orientation of the 
cylinder axis during the simulation (ATR or WTR) was included as a between-
subjects factor. All two-way and three-way interactions were examined. Pearson‘s 
correlation analysis was conducted to investigate if the reduction in binocular 
distance or near visual acuity resulting from the simulated astigmatism was 
associated with any of the reductions in the academic-related outcome measures. The 
raw scores obtained from each academic-related outcome measure were used in the 
statistical analyses. A p-value of less than 0.05 was considered statistically 
significant. Raw scores were further converted to percentile ranks for each outcome 
measures to provide an estimate of the reduction in functional performance 
associated with sustained near work and the astigmatism simulation. 
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7.4 RESULTS 
All participants had minimal (near emmetropic) refractive error and their binocular 
vision parameters were within normal clinical limits for children in this age group 
(Hayes et al., 1998; Jimenez et al., 2004; Rouse et al., 1999; Scheiman & Wick, 
2008), as summarised in Table 7-1 None of the participants exhibited spherical 
equivalent anisometropia greater than 0.25 D or astigmatism greater than 0.25 D and 
all had best corrected visual acuity of 0.00 logMAR or better in both eyes. The mean 
reduction in binocular best corrected visual acuity with the +1.50 D fogging lens was 
as expected for this magnitude of imposed defocus if optimally corrected (Rabbetts, 
2007a). None of the participants showed any evidence of significant latent hyperopia. 
Table 7-2 displays the group mean data for each of the outcome measures with the 
optimal refractive correction and the 1.50 D bilateral astigmatism simulation, before 
and after 20 minutes of sustained near work, while Table 7-3 summarises the results 
of the statistical analyses which are considered in the following sections. Table 7-4 
shows the group mean data of percentile ranks of the academic-related measures with 
every experimental condition. Data collected with the optimal refractive correction 
prior to the sustained near work task also indicated that 85% of the participants had 
an above average score (greater than the 50
th
 percentile) for their age on all the 
academic-related outcome measures (with a group mean score equal to the 70
th
 
percentile). 
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Table 7-1: Mean ± standard deviation and range of the visual characteristics of the 20 participants. 
 
Variables Mean ± SD Min Max 
Sphere RE (D) +0.30 ± 0.0 -0.50 0.75 
Sphere LE (D) +0.25 ± 0.30 -0.50 0.75 
Cylinder RE (D) -0.09 ± 0.12 0.00 -0.25 
Cylinder LE (D) -0.08 ± 0.12 0.00 -0.25 
Best corrected binocular distance visual acuity (logMAR) -0.12 ± 0.06 0.00 -0.20 
Best corrected binocular near visual acuity (logMAR) -0.10 ±0.06 0.00 -0.16 
Binocular visual acuity with +1.50 D (logMAR) 0.53 ± 0.06 0.44 0.66 
Reduction in binocular visual acuity with +1.50 D (logMAR) 0.65 ± 0.02 0.60 0.68 
Monocular amplitude of accommodation RE (D) 14.20 ± 0.95 12.00 16.00 
Monocular amplitude of accommodation LE (D) 14.00 ± 0.86 12.00 16.00 
Binocular amplitude of accommodation (D) 14.95 ± 0.89 13.00 16.00 
Near point of convergence (cm) 4.70 ± 0.80 3.00 6.00 
Random dot stereoacuity (seconds of arc) 28.50 ± 12.78 15.00 60.00 
Near dissociated horizontal heterophoria (∆)* 1.10 ± 1.45 -1.00 3.00 
                * Positive value denotes exophoria  
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Table 7-2: Group mean data (standard deviation) for all the visual conditions before and after 20 minutes of sustained near work.  
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Visual condition 
Mean Performance (SD) 
Optimal correction 1.50 D astigmatism simulation 
Sustained near work  
(20 minutes) 
Before After Before After 
 Reading performance
 a
     
  
  
 A
ca
d
em
ic
-r
e
la
te
d
 o
u
tc
o
m
e 
m
ea
su
re
s 
Rate (words per minute) 133.47 (8.44) 132.21 (8.44) 125.19 (7.13) 124.49 (7.49) 
Accuracy (words read correctly) 87.00 (4.89) 86.25 (4.95) 82.45 (4.89) 82.15 (4.57) 
Comprehension (questions answered correctly) 35.25 (3.78) 34.15 (3.84) 32.15 (3.73) 31.45 (3.63) 
Visual Information Processing (VIP) (WISC subtests)
a     
Coding (correct responses) 56.10 (11.88) 55.20 (11.98) 51.20 (11.42) 50.60 (11.36) 
Symbol Search (correct responses) 34.05 (5.49) 33.15 (5.15) 30.05 (5.11) 29.65 (5.45) 
Developmental Eye Movement test (DEM)
b     
Adjusted vertical time (s) 38.03 (4.92) 38.56 (5.07) 40.27 (5.10) 40.78 (5.02) 
Adjusted horizontal time (s) 43.37 (6.48) 43.87 (6.56) 46.79 (6.90) 47.47 (6.81) 
Ratio 1.14 (0.08) 1.14 (0.06) 1.16 (0.06) 1.16 (0.06) 
 Visual acuity
b
     
Distance (logMAR) -0.12 (0.06) -0.11 (0.06) 0.06 (0.05) 0.06 (0.05) 
Near (logMAR) -0.10 (0.06) -0.09 (0.05) 0.07 (0.06) 0.07 (0.05) 
a
 Higher score indicates better performance 
b
 Higher score indicates poorer performance 
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Table 7-3: Results of the repeated measures ANOVAs with axis orientation as the between-subjects factor. 
 
Outcome measures 
F(1,18) for repeated measures ANOVA 
Astigmatism 
simulation 
Astigmatism 
simulation x 
axis 
Sustained 
near work 
Sustained 
near work x 
axis 
Astigmatism 
simulation x 
sustained 
near work 
Astigmatism 
simulation x 
sustained 
near work x 
axis 
Axis 
Reading performance
 
        
Rate (words per minute) 138.16** 0.30 37.42** 0.58 2.53 0.26 0.004 
Accuracy (words read correctly) 119.56** 0.10 16.20* 0.33 3.36 1.04 0.20 
Comprehension (questions answered correctly) 89.44** 0.24 29.60** 0.82 1.99 1.12 0.001 
Visual Information Processing (VIP) (WISC subtests)
        
Coding (correct responses) 69.57** 0.77 13.92* 0.25 0.53 0.24 0.03 
Symbol Search (correct responses) 192.49** 1.68 43.46** 0.26 2.10 0.08 0.32 
Developmental Eye Movement test (DEM)
        
Adjusted vertical time (s) 218.40** 0.66 161.04** 0.59 0.005 3.98 1.50 
Adjusted horizontal time (s) 156.90** 0.42 53.30** 0.31 1.73 4.18 0.46 
Ratio 38.04** 0.23 1.76 3.53 0.20 0.13 1.16 
Visual acuity        
Distance (logMAR) 343.82** 0.14 4.16 0.01 1.77 3.02 0.004 
Near (logMAR) 264.76** 0.02 2.98 0.22 2.16 0.67 0.04 
* p < 0.05, ** p < 0.001
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Table 7-4: Group mean data (standard deviation) of the percentile ranks for both of the visual conditions before and after sustained 
near work. 
 
E
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o
n
d
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n
 Visual condition 
Mean Percentile Rank (SD) 
Optimal correction 
1.50 D bilateral astigmatism 
simulation 
Sustained near work  
(20 minutes) 
Before After Before After 
A
ca
d
em
ic
-r
e
la
te
d
 o
u
tc
o
m
e 
m
ea
su
re
s 
Reading performance
      
Rate (words per minute) 82.75 (6.26) 81.95 (6.27) 74.50 (8.43) 73.65 (8.55) 
Accuracy (words read correctly) 66.70 (12.92) 65.00 (10.29) 57.50 (9.38) 56.95 (8.60) 
Comprehension (questions answered correctly) 72.85 (15.34) 68.45 (16.01) 60.25 (15.44) 57.25 (15.05) 
Visual Information Processing (VIP) (WISC subtests)*
 87.85 (14.85) 86.20 (16.15) 74.75 (22.69) 73.20 (23.48) 
Developmental Eye Movement test (DEM)
     
Adjusted vertical time (s) 58.85 (24.42) 58.20 (24.80) 50.25 (25.00) 48.00 (23.31) 
Adjusted horizontal time (s) 63.20 (22.17) 61.45 (22.34) 50.75 (23.01) 46.50 (24.12) 
Ratio 56.75 (19.42) 56.00 (19.44) 47.75 (17.36) 47.25 (16.50) 
Mean of all academic-related measures (SD) 71.17 (13.30) 68.18 (11.67) 59.39 (11.27) 57.54 (11.72) 
*Percentile rank for the VIP measure was determined by combining the scores of both the Coding and Symbol Search subtests together as per the test manual 
  A reduction below the 20
th
 to 25
th
 percentile is usually considered as low level performance for all these academic-related measure 
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Reading performance 
Reading rate, accuracy and comprehension were all significantly reduced by 
simulated bilateral astigmatism (p<0.001) and sustained near work (p<0.001). 
However, there was no significant interaction between these factors for any of the 
reading performance components (p>0.05), as shown in Figure 7-1. There was also 
no significant between group effect of astigmatism axis, and no other significant two-
way or three-way interactions. Bilateral astigmatic simulation alone resulted in a 
reduction of 6% for reading rate, 5% for accuracy and 9% for comprehension. These 
reductions increased slightly following sustained near work; 7% (rate), 6% 
(accuracy) and 11% (comprehension), but this additional reduction did not reach 
statistical significance. On average, participants dropped from the 74
th
 percentile 
(optimal refractive correction before sustained near work) to the 64
th
 percentile in the 
presence of bilateral astigmatism simulation alone and remained relatively stable at 
the 63
rd
 percentile following sustained near work. 
 
Visual information processing performance 
Performance on the Coding and Symbol Search subtests was significantly reduced by 
simulated bilateral astigmatism (p<0.001) and sustained near work (p<0.001). 
However, there was no significant interaction between the astigmatic simulation and 
sustained near work for either of the VIP subtests (p>0.05), as shown in Figure 7-2. 
There was also no significant between group effect of the axis of astigmatism, and no 
other significant two-way or three-way interactions. The simulated astigmatism 
reduced Coding and Symbol Search scores by 9% and 12% respectively which were 
further impaired following sustained near work (Coding 10% and Symbol Search 
13%), but this interaction was not statistically significant. Bilateral astigmatism 
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simulation alone resulted in participants dropping from the 88
th
 percentile (optimal 
refractive correction before sustained near work) to the 75
th
 percentile and further to 
the 73
rd
 percentile following sustained near work. 
 
Reading-related eye movement performance 
Vertical and horizontal time components of the DEM test were significantly 
increased by both the bilateral astigmatic simulation (p<0.001) and sustained near 
work (p<0.001). The DEM ratio increased significantly only in the presence of the 
simulated astigmatism (p<0.001), as shown in Figure 7-3.  As for the other outcome 
measures, no significant interaction was observed between bilateral astigmatic 
simulation and near work for any DEM parameter (p>0.05). There was also no 
significant between group effect of astigmatism axis, and no other significant two-
way or three-way interactions. Slower vertical (6%) and horizontal (8%) times, and 
an increased ratio (2%) were observed for the astigmatism simulation. However, the 
interactions that were observed in the presence of sustained near work were not 
significant; 7% for vertical time, 10% for horizontal time and 2% for ratio. On 
average, participants dropped from the 60
th
 percentile (optimal refractive correction 
before sustained near work) to the 50
th
 percentile in the presence of bilateral 
astigmatic simulation alone and further to the 47
th
 percentile following sustained near 
work. 
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Figure 7-1: Mean reading performance (Neale Analysis of Reading Ability Test: higher score 
indicates better performance): rate (A), accuracy (B) and comprehension (C) before and after 
the 20 minute sustained near work task with and without the 1.50 D bilateral astigmatic 
simulation (error bars represent standard error of the mean). 
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Figure 7-2: Mean VIP performance (WISC subtests: higher score indicates better 
performance): Coding (A) and Symbol Search (B) before and after the 20 minute sustained 
near work task with and without the 1.50 D bilateral astigmatic simulation (error bars 
represent standard error of the mean). 
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Figure 7-3: Mean DEM test performance (higher score indicates poorer performance); vertical 
time (A), horizontal time (B) and ratio (C) before and after the 20 minute sustained near work 
task with and without the 1.50 D bilateral astigmatic simulation (error bars represent standard 
error of the mean).
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Distance and near visual acuity 
As expected, both distance and near visual acuity were significantly impaired in the 
presence of simulated bilateral astigmatism (p<0.001), with reductions of 0.18 ± 0.05 
and 0.16 ± 0.05 logMAR respectively. However, sustained near work in isolation 
(without astigmatic simulation) did not influence visual acuity at distance or near; 
0.02 ± 0.03 and 0.01 ± 0.02 logMAR reductions respectively (p>0.05). There was 
also no significant interaction between simulated astigmatism and sustained near 
work for either of these measures (p>0.05).  
 
While there was no significant effect of axis orientation, larger reductions in 
performance were observed with the ATR simulation compared to WTR astigmatism 
for the majority of the outcome measures (relative to optimal correction before 
sustained near work), as shown in Table 7-5. 
 
There were also no significant correlations between the change in either distance or 
near binocular visual acuity and the observed changes in any of the academic-related 
outcome measures (Table 7-6).
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Table 7-5: Percentage change in performance (relative to optimal refractive 
correction before sustained near work) for WTR and ATR astigmatic simulation. 
Academic-related outcome measures 
WTR 
(%) 
ATR  
(%) 
Reading performance
a
 
Rate (words per minute) 
Accuracy (words read correctly) 
Comprehension (questions answered correctly) 
 
-6.00 
-4.92 
-9.63 
 
-6.40 
-5.54 
-7.95 
VIP performance
a
 
Coding (correct responses) 
Symbol Search (correct responses) 
 
-7.65 
-11.41 
 
-9.82 
-12.32 
DEM performance
b
 
Adjusted vertical time (s) 
Adjusted horizontal time (s) 
Ratio 
 
5.40 
7.30 
1.74 
 
6.34 
8.47 
2.68 
a
 Higher score indicates better performance 
b
 Higher score indicates poorer performance 
 
 
Table 7-6: Pearson‘s correlation coefficients of the change in academic-related 
outcome measures in relation to the change in distance and near binocular visual 
acuity during the bilateral 1.50 D astigmatic simulation (without sustained near 
work). 
Academic-related outcome measures 
Distance VA 
r (p value) 
Near VA 
r (p value) 
Reading performance 
Rate  
Accuracy  
Comprehension  
 
0.25 (0.29) 
0.001 (0.99) 
-0.10 (0.67) 
 
0.12 (0.62) 
0.02 (0.92) 
0.06 (0.81) 
VIP performance 
Coding  
Symbol Search  
 
-0.04 (0.85) 
0.35 (0.13) 
 
0.13 (0.57) 
0.12 (0.60) 
DEM performance 
Adjusted vertical time 
Adjusted horizontal time 
Ratio 
 
-0.20 (0.39) 
-0.04 (0.87) 
0.12 (0.61) 
 
-0.42 (0.16) 
-0.38 (0.10) 
0.04 (0.87) 
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7.5 DISCUSSION 
In this experiment, the impact of simulated bilateral astigmatism on standardised 
academic-related measures in children before and after a period of sustained near 
work was investigated, along with the potential differential impact of ATR or WTR 
astigmatism on performance. Partially consistent with the first hypothesis was the 
finding that simulated astigmatism resulted in impairment of reading, visual 
information processing and reading-related eye movement performance. However, 
sustained near work did not further significantly exacerbate these decrements in 
performance. Contrary to the second hypothesis, there was no significant effect of 
the axis (WTR or ATR) of the astigmatic simulation on the changes in academic-
related outcome measures. These findings are in general accord with several studies 
that have investigated the functional impact of astigmatism in adults aged between 
18 and 69 years (Casagrande et al., 2014; Wills et al., 2012; Wolffsohn et al., 2011). 
 
Simulated bilateral astigmatism alone resulted in a significant reduction in reading 
performance with reading comprehension showing the greatest decrement (9%) 
compared to rate (6%) and accuracy (5%). These findings, particularly with respect 
to reading comprehension, have important implications for children in the ‗reading to 
learn‘ stage, during which reading is the fundamental mechanism used to obtain and 
interpret new knowledge (Borsting, 2006a; Chall, 1987). Therefore, uncorrected 
astigmatism in children may be detrimental to the comprehension of written 
information, which may subsequently impact on overall academic performance. The 
impairment in reading performance, in particular the reduction in reading rate with 
the astigmatic simulation is consistent with previous studies in adults (Casagrande et 
al., 2014; Kobashi et al., 2012; Wills et al., 2012; Wolffsohn et al., 2011). 
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Casagrande et al.(2014) used the same magnitude of astigmatism (1.50 D) in their 
recent simulation study, and observed a slightly greater decrement in the reading 
speed of their adult participants (9%) compared to the 6% decrease observed in this 
current study of children. This slight discrepancy between studies may be a result of 
the differences in the methodologies employed. Casagrande et al. (2014) cyclopleged 
their adult subjects and imposed astigmatic blur using cylindrical lenses alone 
without compensating for the induced spherical equivalent blur and used the 
Salzburg Reading Desk test (with reading materials that were displayed on a 
computer screen). In the current study, the spherical equivalent was always plano 
during the astigmatism simulation and a standardised (paper based) test for 
Australian children was used to assess reading performance. The difference may also 
be a consequence of the naturally faster reading rates of an average, visually normal 
adult compared with a child. 
 
The current study also found a significant reduction in performance of both VIP 
subtests in the presence of bilateral astigmatic simulation; Coding (9%) and Symbol 
Search (12%). The impaired performance on both of these subtests, which mirror 
visual analysis and copying tasks frequently performed in classrooms, suggests that 
children with uncorrected astigmatism of ≥ 1.50 D may face difficulty in efficiently 
interpreting visually presented information. This is an important finding given that 
the school observation results (reported in Chapter 4) revealed that up to 70% of 
learning tasks in Years 5 and 6 classrooms contain a visual element. This might also 
be a disadvantage for children when undertaking time-based tasks, such as exams, 
which need to be completed within a specified duration.  
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Simulated astigmatism also resulted in slower vertical (6%) and horizontal (8%) 
DEM times and an increase in the DEM ratio (2%). This finding is in agreement with 
Wills et al. (2012), who observed a similar effect of astigmatic blur on DEM test 
performance in adult participants, but to a lesser extent compared to this study of 
children. Given that both RAN and RSEM skills are linked with aspects of reading 
and visual processing (Ayton et al., 2009; Palomo-Álvarez & Puell, 2009), these 
findings further suggest that uncorrected astigmatism may impact negatively on 
reading and visual information processing ability in children. This is consistent with 
the decrement in performance observed in both the Neale and VIP tests in this study. 
 
The impaired academic-related performance in the presence of simulated bilateral 
astigmatism is in general agreement with the trends observed during bilateral and 
unilateral hyperopia simulation as reported in Chapters 5 and 6. However, there are 
differences in the magnitude of the reduction in performance observed across the 
various outcome measures. Bilateral astigmatic simulation alone (2% to 12% 
reduction) resulted in a greater reduction in performance on all of the academic-
related measures compared to that of bilateral (1% to 6% reduction) and unilateral 
(1% to 5% reduction) hyperopia simulation of different magnitudes. These smaller 
reductions observed in the presence of both bilateral and unilateral simulated 
hyperopia compared to bilateral astigmatism could have been due to the ability of the 
participants (all with a normal visual profile) to accommodate in order to overcome 
the simulated hyperopia. Collectively, these studies suggest that both bilateral and 
unilateral uncorrected refractive errors, even of low magnitude have a negative 
impact on functional performance in children. Therefore, early detection and 
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correction of uncorrected refractive errors in children is important to minimise 
potential functional disadvantage at school. 
 
A small but significant decrease in performance was also observed in almost all of 
the academic-related measures (with the exception of the DEM ratio) following 
prolonged near work in the absence of the astigmatism simulation. While sustained 
near work activities constitute a significant proportion of classroom tasks, very few 
studies have investigated the impact of prolonged near fixation, with or without 
simulated visual impairments, on the functional performance of children. This 
finding regarding the detrimental effect of sustained near work  is in agreement with 
the results reported in both Experiments 2a and 2b (resulting in reduction between 
1% to 4% for each simulation experiment), which suggests that fatigue associated 
with task duration may impact negatively on a child‘s functional performance 
irrespective of their refractive status. This finding has important implications for 
teachers in terms of planning and managing daily classroom activities given that the 
learning activities observed in primary school classrooms (Chapter 4) demonstrated 
that sustained near work is a major component of daily academic activities (47% of 
class time each day). Frequent short breaks should be incorporated between 
continuous near work activities to minimise fatigue, as this may impact on a child‘s 
ability to perform optimally in school, regardless of their refractive status. 
 
In contrast to the findings reported for the bilateral and unilateral hyperopic 
simulations (Chapters 5 and 6), no significant interaction was observed between 
astigmatic defocus and sustained near work; bilateral hyperopia (4% to 24%), 
unilateral hyperopia (3% to 12%), bilateral astigmatism (2% to 13%). That is, the 
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decrease in performance observed as a result of the astigmatism simulation was not 
significantly exacerbated when combined with sustained near work, which was a 
consistent finding across all academic-related outcome measures included in this 
experiment. The lack of an interaction effect between imposed astigmatic defocus 
and near work could be a result of short-term adaptation to meridional blur 
(Ohlendorf et al., 2011a; Sawides et al., 2010; Vinas et al., 2013; Vinas et al., 2012) 
during the 20 minute near task (i.e. any detrimental effect of sustained near work 
may have been masked by an improvement in visual performance due to adaptation 
to the astigmatic blur). There is some evidence to suggest that the visual system can 
adapt rapidly (within 2 minutes) to imposed lower-order astigmatism (Sawides et al., 
2010). While the exact mechanism underlying this process remains unclear, evidence 
suggests that the adaptation is cortical in origin (Ohlendorf et al., 2011a; Read et al., 
2014). In addition, the magnitude (greater adaptation for larger magnitudes of blur) 
and orientation (adaptation to horizontally imposed astigmatism resulted in images 
appearing more blurred vertically and vice versa) of the imposed blur appears to 
influence the capacity of the visual system to adapt (Sawides et al., 2010), as well as 
the magnitude and orientation of an individual‘s habitual astigmatism (Vinas et al., 
2013). The potential confounding influence of any longer-term adaptations to 
habitual astigmatism (corrected or uncorrected) in this study was minimised by 
imposing a strict inclusion criteria with respect to habitual refractive astigmatism; ≤ 
0.25 D (Vinas et al., 2013). 
 
Surprisingly, contrary to the second hypothesis of this experiment, the orientation of 
the imposed astigmatic simulation did not significantly influence academic-related 
performance. This is in contrast to a number of previous studies in adults which have 
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shown that the impact of astigmatic blur on visual or functional performance varies 
depending on the axis of the astigmatism, although the nature of these differences 
has varied (Casagrande et al., 2014; Trindade et al., 1997; Wills et al., 2012; 
Wolffsohn et al., 2011). For example, some studies have shown that ATR 
astigmatism is more detrimental to performance (Miller et al., 1997; Wills et al., 
2012; Wolffsohn et al., 2011), while others report that WTR astigmatism has the 
greatest impact (Casagrande et al., 2014; Trindade et al., 1997). These differences 
could be attributed to the variation in methodologies employed. All of the previous 
studies were performed on young or older adults and included different functional 
measures to those included in the current study. Some of these studies also 
cyclopleged their participants (accommodation control is completely inhibited and a 
larger pupil size may result in an increase in higher order aberrations such as 
secondary astigmatism and less depth of focus) or used different methods of 
simulating the astigmatic refractive error (without compensating for spherical 
defocus). Another potential confounding variable which has not been considered in 
previous simulation studies is the participant‘s habitual astigmatism, which has been 
suggested to impact on the short term adaptation to imposed astigmatic blur (Vinas et 
al., 2013; Vinas et al., 2012). While not reaching statistical significance, there was a 
trend for larger reductions in performance associated with ATR astigmatism 
simulation compared to WTR in the majority of the outcome measures in this study, 
which is consistent with the findings of some previous studies (Kobashi et al., 2012; 
Wills et al., 2012; Wolffsohn et al., 2011). 
 
The exact mechanism underlying the impaired performance of the academic-related 
outcome measures in this study remains unclear. Wills et al.(2012) suggested that 
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reduced visual resolution due to meridional blur may account for impaired reading 
performance; however, in contrast to this hypothesis, there were no significant 
associations between the reduction in distance or near binocular visual acuity 
resulting from the simulated astigmatic blur and the reduction in reading, VIP or eye 
movement performance. This is most likely due to the fact that the print sizes of the 
outcome measures had a substantially lower visual acuity demand (calculated based 
on the critical resolution of the targets at a working distance of 40cm) than the 
participants‘ acuity threshold in the presence of simulated astigmatic blur; Neale test 
(0.5 - 0.6 logMAR), VIP test (0.8 - 0.9 logMAR), DEM test (0.6 logMAR). 
 
Overall, the bilateral astigmatism simulation of 1.50 D resulted in a significant 
decrement in performance for a range of academic-related measures. On average (for 
all the academic-related measures examined including the Neale, VIP and DEM 
tests), children‘s performance decreased from the 70th percentile during optimal 
refractive correction to the 59
th
 percentile during the astigmatism simulation and 
remained relatively stable (at the 58
th
 percentile) following the sustained near task in 
addition to the refractive error simulation. Even though this level of performance is 
not typically considered to be a low level of functioning, these results indicate that 
children may perform below their full potential in the presence of uncorrected 
astigmatism. Therefore, refractive correction for this level of astigmatic error would 
be of potential benefit for children in regard to academic performance. However, 
further investigations involving children with habitual uncorrected astigmatism of 
different levels and axes are required to determine whether and at what level of 
astigmatism refractive correction would be of benefit to academic-related 
performance. 
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The results of this study should be considered in light of some potential limitations, 
which include the use of a simulation approach (the observed effect on outcome 
measures may have been overestimated), non-cycloplegic refraction technique for 
participant screening (may have underestimated any latent hyperopia), limited range 
of academic ability of participants (biased towards above average achievers, based 
on the average percentile rank of all academic-related outcome measures during the 
optimal refractive correction prior to the sustained near work task), prolonged 
wearing of trial frame and the working distance of 40cm, as discussed in Chapter 5. 
An additional limitation is that only WTR and ATR astigmatism simulations were 
included in this study; this is justified by the fact that these are more commonly 
found in the paediatric population than oblique astigmatism (Huynh et al., 2007; 
Junghans et al., 2002). It would nonetheless be of interest to investigate the impact of 
oblique astigmatism on functional performance in children, given that some studies 
have shown that oblique orientations result in the greatest reductions in acuity and 
reading measures in adults (Kobashi et al., 2012; Wolffsohn et al., 2011).  
 
7.6 CONCLUSION 
In summary, this is the first study to demonstrate that simulated astigmatism in 
children resulted in impaired performance on a range of academic-related measures 
irrespective of the orientation of the astigmatism. However, these decrements were 
not significantly exacerbated following sustained near work. These results suggest 
that early detection and refractive correction for low to moderate levels of 
uncorrected astigmatism in children is important in order to minimise potential 
functional disadvantage at school. Future studies should explore the impact of 
different magnitudes of both simulated and habitual uncorrected astigmatism in 
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children, especially those who have below average academic performance; inclusion 
of children with habitual uncorrected astigmatism is important as they may respond 
differently to the academic-related measures due to partial or complete adaptation to 
their uncorrected refractive error. 
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Chapter 8: Summary and conclusions 
A number of studies have reported that visual function has a critical role in the 
academic performance of children. However, the strength of the evidence obtained 
from the majority of these studies is relatively weak due to a range of methodological 
limitations. These limitations include inconsistencies in definition of terms, 
unreliable measurement instruments, insufficient sample sizes, inappropriate 
comparison groups, lack of masking, poor statistical analysis and experimental bias. 
In addition, research investigating the specific visual requirements in classrooms, 
especially modern classrooms in which a range of technologies such as smart boards 
and computers are employed, is extremely limited. Understanding the specific visual 
demands and the minimum visual levels required for children in school will assist in 
establishing evidence-based optometric management strategies. Children who do not 
meet these visual requirements could then be identified and optometric interventions 
initiated to minimise any potential functional disadvantage. This data will also 
inform evidence-based pass-fail criteria for paediatric vision screenings. 
 
A clear understanding of the impact of visual anomalies on academic performance is 
particularly relevant given the relatively high prevalence of visual anomalies among 
school children, including uncorrected refractive errors and binocular vision 
problems. While there is a widespread consensus that these conditions may impact 
negatively on learning or academic performance in children, there is no clear 
evidence to support these suggestions. This is an important knowledge gap given that 
there are few published guidelines available for clinicians regarding the levels of 
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visual deficits which may be problematic in children and which require correction. 
Indeed, current paediatric management decisions are generally based on clinical 
experience of individual practitioners (low level evidence), which has led to 
inconsistencies in management approaches.  
 
Thus, the overall purpose of this thesis was to determine the visual demands of 
modern primary school classrooms and the impact of common uncorrected refractive 
errors (hyperopia, hyperopic anisometropia and astigmatism) on childrens‘ ability to 
perform academic-related tasks in order to better understand the role of vision and 
visual anomalies on classroom activities and academic achievement. Two main 
studies were conducted to achieve these aims. 
 
Study 1 was an observational study aimed at quantifying the visual demands imposed 
upon children within modern primary school classrooms, in order to determine the 
typical levels of visual function required by children to perform optimally. Thirty 
three classrooms of Years 5 and 6 children from eight Brisbane state primary schools 
were included in this study. Primary schools were selected for inclusion given that 
for children in this age group (6 to 12 years) there is a strong emphasis on acquiring 
appropriate elementary learning skills in preparation for their secondary education. A 
greater focus was placed on Years 5 and 6 (aged 10 to 12 years) classrooms as 
children in these grades are considered to be in the ―reading to learn‖ stage, which 
imposes different demands on the visual system to those of younger children in the 
early primary school years. A range of parameters were assessed and recorded, 
including the physical aspects of each classroom (dimensions and lighting levels), 
learning materials used and working distances, as well as the time spent performing 
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various classroom activities. These parameters were then used to calculate the 
theoretical demands for distance and near visual acuity, contrast sensitivity and 
sustained use of the accommodation and vergence systems. 
 
The overall aim of Study 2 was to investigate the impact of uncorrected refractive 
errors (which are common in the paediatric population) and sustained near work on 
measures of academic-related performance in children. The study adopted a repeated 
measures design that involved simulation of refractive errors that have been 
previously associated with reduced measures of academic performance in children. 
Three separate experiments were conducted to specifically investigate the impact of 
2.50 D of simulated bilateral hyperopia (Experiment 2a), 0.75 D of simulated 
hyperopic anisometropia (Experiment 2b), and 1.50 D of simulated bilateral 
astigmatism (Experiment 2c). A range of standardised academic-related measures 
which reflect common activities usually conducted in school classrooms were 
included. A novel aspect in this study was the inclusion of a sustained near work 
component which is an important daily activity undertaken in school. The following 
sections summarise the findings of Studies 1 and 2 in order to provide a better 
understanding of the link between visual function, visual anomalies and academic 
performance in children. 
 
8.1 SUMMARY AND MAJOR FINDINGS 
8.1.1 Study 1: Visual demands in modern primary school classrooms 
The findings of this study, which was the first to comprehensively investigate the 
specific visual demands of modern Australian school classrooms, demonstrated that 
70% of learning activities are based on visual input. This provides experimental 
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evidence to support anecdotal suggestions that vision has an integral role in the 
learning process in schools (up to 80%) (Garzia, 2006; Hellerstein et al., 2001; 
Walline & Carder, 2012).  
 
A distance mean threshold near visual acuity of 0.33 logMAR at distance, with a 
range from the highest to lowest demand of 0.06 to 0.64 logMAR and a mean near 
threshold visual acuity demand of 0.72 logMAR with a range from 0.48 to 1.00 
logMAR was required by children to perform learning activities in modern classroom 
settings. Taking into account the necessary acuity reserve for sustained fluent reading 
tasks these requirements further increase to 0.33 logMAR for near with a range from 
0.04 to 0.60 logMAR. The findings of this study also indicate the importance of a 
well-developed accommodation-vergence system, with children requiring a 
minimum of 8 D of binocular amplitude of accommodation, 10 cycles per minute of 
accommodation and vergence facility and fusional reserves to be within the clinically 
accepted range for their age for efficient functioning in a classroom. 
 
Observation of learning activities in modern primary classrooms demonstrated that 
the majority of the activities were dominated by near tasks (47%) followed by 
distance (29%), distance to near (15%) and computer-based tasks (9%). An important 
finding of this study was that daily classroom activities involve sustained tasks, 
where children were required to maintain continuous fixation for an average of 23 
minutes at near and 18 minutes at distance. The demands placed on a child‘s visual 
system, in particular on the accommodation and vergence system will further 
increase when the efforts need to be sustained for an extended period of time. In 
addition, modern technologies such as the use of computers have become an integral 
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part of daily classroom teaching in schools. The use of computers is likely to impose 
a greater demand on the visual system than printed materials due to differences in 
working distance, viewing angle and display quality (Rosenfield, 2011). 
 
8.1.2 Study 2: The impact of refractive anomalies on academic-related 
performance in children 
Experiment 2a - Simulated bilateral hyperopia  
This first experiment of Study 2 aimed to investigate the impact of simulated 
bilateral hyperopia and sustained near work on children‘s ability to perform a range 
of academic-related tasks. A relatively low level of simulated bilateral hyperopia 
(2.50 D) and sustained near work both independently impaired reading, visual 
information processing and reading-related eye movement performance. A greater 
decrement in performance was observed when simulated hyperopia was combined 
with sustained near work (between 5% and 24%). Importantly this is the first study to 
investigate the impact of hyperopia simulation on academic-related measures in 
children, especially with the inclusion of a sustained near work component. The 
findings of the current study support previous studies reporting an association 
between uncorrected hyperopia and reduced performance on academic-related tasks, 
such as reading ability, in children (Rosner, 1997; Shankar et al., 2007; van Rijn et 
al., 2014; Williams et al., 2005). The detrimental impact of hyperopia simulation on 
reading performance observed in the current study is also consistent with a previous 
simulation study conducted on adult participants (Garzia et al., 1989), however, the 
reduction found in the children in the current study was greater than that reported for 
adults. This is most likely a consequence of the fact that children are less skilled 
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readers than adults and other factors such as differences in the outcome measures 
used. 
 
One possible explanation for the observed changes in academic-related performance 
was explored in this study; namely that increased vergence demand associated with 
the hyperopic simulation may contribute to the observed functional decrements. This 
hypothesis was supported to some extent by the statistically significant moderate 
correlation found between the change in horizontal near heterophoria and the change 
in several of the academic-related outcome measures following the addition of 
simulated hyperopia, suggesting that a greater esophoric shift was associated with a 
greater reduction in performance. This implies that the increase in accommodative 
demand associated with hyperopia simulation may not be the only factor involved in 
the reduction in performance of the academic-related measures, with changes to 
vergence demand potentially contributing to these effects. The relative impacts of 
accommodation and vergence demand are difficult to tease out precisely given that 
they effectively occur as a single entity. Nonetheless, the findings of this study 
highlight the need for further investigation to explore these associations more 
systematically. 
 
Experiment 2b - Simulated hyperopic anisometropia  
This experiment aimed to investigate the impact of simulated hyperopic 
anisometropia and sustained near work on performance of academic-related 
measures in children. Hyperopic anisometropia of 0.75 D, which is lower than that 
currently recommended for refractive correction in children, and sustained near work 
both reduced performance on reading, visual information processing and reading-
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related eye movement measures. A significant interaction was also observed between 
simulated anisometropia and near work, with the greatest decrement in performance 
observed during simulated anisometropia in combination with sustained near work, 
with a reduction of up to 12 % across the academic-related outcome measures. This 
decrement was similar to that observed in Experiment 2a, but to a lesser degree, 
which could be attributed to the higher magnitude of refractive error simulation used 
in Experiment 2a and also the fact that bilateral simulation may have resulted in a 
greater functional impact than the unilateral simulation. 
 
The results of this experiment, which is the first to examine the impact of 
anisometropia simulation on functional measures that are relevant to children, 
provide some support for early studies which reported an association between 
uncorrected hyperopic anisometropia and reduced reading performance (Eames, 
1948, 1964). Laterality of the refractive error simulation (i.e. the effect of ocular 
dominance) did not significantly influence the outcome measures, which is in accord 
with a recent study in which only a weak agreement between reading performance 
and ocular dominance was observed in participants with normal binocular vision 
(Johansson et al., 2014). However, correlation analysis did not reveal any significant 
relationship between the magnitude of the reduction in stereoacuity and changes in 
any of the academic-related measures, which is in contrast to previous research 
which suggested that foveal suppression was a potential causative factor underlying 
the functional changes in performance observed during anisometropic simulation in 
adults (Brooks et al., 1996; Dadeya & Shibal, 2001). This lack of influence of foveal 
suppression is most likely due to the preservation of gross fusion during the 
simulation. Another possible explanation for the observed decrement in performance 
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could be that the asymmetric hyperopic simulation resulted in an unequal 
accommodative demand between eyes. This could lead to stress on the 
accommodation-vergence system, which may be further exacerbated in the presence 
of sustained near work; this is an area which requires further investigation. 
 
Experiment 2c- Simulated bilateral astigmatism  
The final experiment of Study 2 aimed to investigate the impact of simulated 
bilateral astigmatism on academic-related tasks before and after sustained near work 
in children. Bilateral astigmatism of 1.50 D and sustained near work, each 
significantly impaired reading, visual information processing and reading-related eye 
movement performance. Simulated astigmatism led to a reduction of between 5% 
and 12% in performance across the range of academic-related measures. The results 
of this study, which is the first to investigate the impact of simulated astigmatism in 
children on functional tasks relevant to academic-performance, are in general accord 
with previous studies that have investigated the functional impact of simulated 
astigmatism in adults (Casagrande et al., 2014; Kobashi et al., 2012; Wills et al., 
2012; Wolffsohn et al., 2011). However there were differences in the magnitude of 
the reductions in performance observed; reading performance was less affected by 
simulated astigmatism in the study reported here for children, while reading-related 
eye movement measures were affected to a greater extent than that reported in 
studies of adults.  
 
Surprisingly, the axis of the imposed astigmatism (WTR or ATR) did not have any 
significant differential impact on functional performance. This is in contrast to the 
majority of previous studies which reported that the impact of simulated astigmatism 
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on visual or functional performance varies depending on the axis orientation, 
although the nature of these differences has tended to be inconclusive (Casagrande et 
al., 2014; Kobashi et al., 2012; Wills et al., 2012; Wolffsohn et al., 2011). The 
differences observed between the current study and previous studies of adults in 
relation to the influence of astigmatic orientation could be attributed to variations in 
experimental design between studies including the age of participants, nature of the 
astigmatism simulation (with or without compensation for spherical defocus) and the 
outcome measures used (visual acuity, reading or driving performance).  
 
However, in contrast to Experiments 2a and 2b, the decrease in performance 
observed as a result of the astigmatic simulation was not significantly exacerbated 
when combined with sustained near work. Since sustained near work resulted in 
further decrement in performance of the academic-related measures in the presence 
of both bilateral and unilateral hyperopia simulation, a similar trend was expected 
with imposed bilateral astigmatism. The lack of an interaction effect between 
imposed astigmatic defocus and near work could be a result of short-term adaptation 
to meridional blur (Ohlendorf et al., 2011a; Sawides et al., 2010; Vinas et al., 2013; 
Vinas et al., 2012) during the 20 minute near task (i.e. any detrimental effect of 
sustained near work may have been masked by an improvement in visual 
performance due to adaptation to the astigmatic blur). 
 
There were also no significant associations between the change in distance or near 
visual acuity resulting from the simulated astigmatic blur and the change in reading, 
VIP or reading-related eye movement performance. This is likely to be due to the 
fact that the print size of the outcome measures had a substantially lower visual 
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acuity demand than the participants‘ acuity threshold in the presence of simulated 
astigmatic blur. 
 
8.1.2.1 Summary of Study 2 experiments  
Sustained near work alone 
A consistent finding across the three experiments was that sustained near work of 20 
minutes alone, with optimal refractive correction (without any imposed defocus) 
resulted in a small but significant decrease in performance in all of the academic-
related outcome measures. Generally, a reduction of 1% to 4% in performance was 
observed across the separate studies (Figure 8-1), with significant differences in the 
percentage reduction observed between the experimental groups for a number of 
academic-related outcome measures; reading accuracy (F2,48 = 4.77, p = 0.01), DEM 
adjusted vertical  (F2,48 = 5.52, p = 0.01) and horizontal times (F2,48 = 4.15, p = 0.02). 
Participants in Experiment 2a (bilateral hyperopia) and Experiment 2b 
(anisometropia) demonstrated a greater reduction in performance following near 
work for reading accuracy and adjusted horizontal times compared to participants in 
Experiment 2c (bilateral astigmatism), while for adjusted vertical times, the 
participants in Experiment 2a demonstrated a significantly greater reduction in 
performance after near work compared to the participants in Experiment 2c only.  
There were no statistically significant differences in the performance reductions 
observed in the presence of the bilateral and unilateral hyperopia simulations. 
Performance on the academic-related measures with the optimal refractive correction 
prior to the sustained near work task was not significantly different between the 
participants of the three experiments with the exception of reading rate, where the 
children who participated in Experiment 2a had significantly higher reading rates 
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compared to those in the other two experiments (F2,48 = 5.95, p = 0.001). These 
differences in the near work effect observed between Experiment 2a and 2c and to a 
lesser extent between Experiment 2b and 2c could be attributed to inter-individual 
variations in response to fatigue from sustained near work between participants in the 
different experiments. Another possible explanation could be the differences in the 
time of the day when these experiments were conducted. The majority of the data 
collection for Experiments 2a (bilateral hyperopia) and 2b (anisometropia) was 
conducted during the school semester where participants attended the experimental 
visits after school. In contrast, the majority of data collection for Experiment 2c 
(bilateral astigmatism) was conducted during the school holidays and the 
experimental sessions were scheduled earlier in the day. It is possible that the 
additional fatigue after completing a whole schooling day would have resulted in 
greater impact on the performance of children following the sustained near work task 
in the hyperopia and anisometropia experimental groups compared to the 
astigmatism group for reading accuracy and horizontal and vertical times for the 
DEM, but not the other measures of reading performance or the Coding and Symbol 
Search tasks.   
 
Refractive error simulation alone 
The results from the three individual experiments collectively suggest that refractive 
error simulation significantly impaired academic-related performance in children. 
However, there were significant differences in the magnitude of the reduction in 
performance observed across the various outcome measures between experiments 
(p<0.05), as illustrated in Figure 8-2. Simulated bilateral astigmatism resulted in the 
largest reduction in all of the outcome measures, followed by bilateral hyperopia, 
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with the smallest decrement being observed with the hyperopic anisometropia 
simulation. These differences in the performance decrements observed between 
experiments were expected given that different magnitudes of refractive error 
simulation were imposed in each individual study; 2.50 D of bilateral hyperopia, 0.75 
of hyperopic anisometropia and 1.50 D of bilateral astigmatism. The smaller 
reductions observed in the presence of both the bilateral and unilateral hyperopia 
simulations compared to the bilateral astigmatism simulation could have been due to 
the ability of the participants (all with normal visual profiles) to accommodate to 
overcome the imposed hyperopia immediately after the simulation lenses were 
introduced (although the effectiveness of presumed consensual accommodation 
during the anisometropic simulation to overcome the imposed unilateral defocus 
remains unknown). 
  
Chapter 8: Summary and conclusions 233 
 
 
Figure 8-1: Mean reduction in performance (relative to the baseline condition) observed across the academic-related measures with 
sustained near work alone for each experiment with optimal refractive correction (error bars represent standard error of the mean). 
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Figure 8-2: Mean reduction in performance (relative to optimal refractive correction) observed across the academic-related measures 
with refractive error simulation alone for each experiment (error bars represent standard error of the mean). 
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Refractive error simulation and sustained near work 
Experiments 2a (bilateral hyperopia) and 2b (hyperopic anisometropia) indicated that 
the decrement observed in the performance of academic-related measures was 
exacerbated following 20 minutes of sustained near work. However, in contrast, the 
additional reduction in performance observed following sustained near work in the 
presence of simulated bilateral astigmatism in Experiment 2c did not reach statistical 
significance. Figure 8-3 illustrates the reduction in performance observed across the 
outcome measures in the presence of both simulated refractive error and sustained 
near work for all three experiments. Bilateral hyperopia simulation (2.50 D) resulted 
in significantly worse performance compared to hyperopic anisometropia (0.75 D 
and bilateral astigmatism (1.50 D) simulations for all of the academic-related 
measures following sustained near work (p<0.05). The different trend in performance 
observed with simulated astigmatism could be attributed to short-term adaptation to 
meridional blur during the sustained near task (Sawides et al., 2010; Vinas et al., 
2013; Vinas et al., 2012). Studies have demonstrated that the visual system can adapt 
as rapidly as within 2 minutes to imposed lower order astigmatism (Sawides et al., 
2010). Therefore, it is possible that an improvement in visual performance due to 
adaptation may have masked the interaction of sustained near work. The differences 
in the decrements observed between bilateral and unilateral hyperopia simulations 
following sustained near work could be explained by the differences in the 
magnitude of simulation imposed; 2.50 D for bilateral and 0.75 D for unilateral 
hyperopia. The higher magnitude of bilateral simulation would have exerted greater 
accommodative-vergence demand during the sustained near task, resulting in a 
greater reduction in performance.  
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Figure 8-3: Mean reduction in performance (relative to optimal refractive correction) observed across the academic-related measures 
with refractive error simulation and sustained near work for each experiment (error bars represent standard error of the mean). 
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8.2 CONCLUSION 
The findings from the studies included in this thesis collectively suggested that 
learning activities in modern school classrooms impose multiple demands on a 
child‘s visual system. These demands are not limited to the ability to resolve high 
contrast targets/objects at distance and near, but also require children to sustain 
accurate accommodative focus and vergence alignment, exhibit smooth control of 
eye movements and to rapidly change focus between different distances. It was also 
shown that both bilateral and unilateral uncorrected refractive errors, even of low 
magnitude, have a detrimental impact on children‘s functional performance. Children 
performed substantially below their capability on academic-related measures in the 
presence of uncorrected refractive errors. These findings have important implications 
for both eye care practitioners in terms of the clinical management of paediatric 
visual problems and school authorities in terms of planning and implementation of 
education curriculums in schools. 
 
Understanding specific visual function requirements and the minimum levels needed 
for children in school will assist eye care practitioners in the assessment and 
management of children, particularly those having difficulty with academic 
performance. The current study indicated that higher than expected levels of visual 
acuity, contrast demand and sustained use of the accommodation and vergence 
systems are required to perform optimally in the classroom environment. Therefore, 
these visual parameters should be examined by eye care practitioners in children, 
particularly those who are academically under-achieving, to ensure that the 
parameters are within the range required to meet the demands imposed within a 
modern classroom setting. Otherwise, optometric interventions (spectacle 
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prescription or vision therapy) should be considered to assist these children and 
minimise any potential functional disadvantage. 
 
The findings of the current study can also guide eye care practitioners in the 
management of uncorrected refractive errors in children. At present there are limited 
evidence-based prescribing guidelines, especially for low levels of refractive errors 
which do not pose a significant risk for the development of amblyopia or strabismus. 
The majority of existing guidelines are not based on high level evidence and have 
been generally developed based upon the collective opinions of clinicians‘ 
experiences. While the design of the experiments adopted in the current study do not 
allow for the determination of the exact minimum dioptric threshold that would 
negatively impact on academic performance, the results confirm that even relatively 
low levels of uncorrected refractive errors that may not typically be corrected 
according to current prescribing guidelines, resulted in impaired academic-related 
performance and may require refractive correction. This is in line with the 
recommendation by some practitioners that the correction of low magnitude 
refractive errors may be beneficial for functional performance (Brookman, 1996; 
Marsh-Tootle, 1998), particularly in symptomatic children. However, factors such as 
the child‘s current academic performance at school, amount of near work conducted 
and binocular vision status should all be taken into consideration when determining 
the need for refractive correction. Further investigations (preferably randomised 
control trials) involving a larger cohort of children, including those with habitual 
uncorrected refractive anomalies of varying magnitudes, are required in order to 
develop definite clinical recommendations. 
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This study also highlighted the importance of screening for common visual 
anomalies such as uncorrected refractive errors and binocular vision dysfunctions in 
children to minimise potential functional disadvantage in school. However, the 
majority of vision screening protocols includes only a limited range of tests, most 
commonly high contrast distance visual acuity assessment alone, which is not 
sufficient to identify children whose visual system is not adequate to meet the 
demands of modern primary classrooms. This method of vision screening is also 
likely to fail to detect vision disorders such as refractive errors that do not result in 
significant acuity reduction (latent hyperopia, mild astigmatism or mild hyperopic 
anisometropia) which have been shown to be detrimental to functional performance 
in children. 
 
The results of this current study can also be used to develop more comprehensive and 
thorough school vision screening protocols by indicating the visual parameters that 
need to be evaluated and the minimum cut off criteria for each of these parameters 
for further optometric assessment. It was demonstrated that children require a visual 
acuity of at least 0.33 logMAR at distance (with a range of 0.06 to 0.64 logMAR) 
and 0.33 logMAR (with a range from 0.08 to 0.47) at near for fluent sustained 
performance (assuming a near acuity reserve of 2.5), which can be considerably 
higher than the current widely accepted referral criteria of 0.3 logMAR. Binocular 
vision parameters such as accommodation amplitude and facility, as well as vergence 
reserve and facility should also be included as part of vision screening protocols 
given the high reliance of classroom learning activities on these visual skills. In 
addition, commonly used clinical techniques such as fogging lenses, near point 
retinoscopy or monitoring the retinoscopy reflex in terms of brightness and 
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movement (for the detection of latent hyperopia) or non-cycloplegic auto-refraction 
(for the detection of astigmatism) should also be included in vision screening 
protocols to detect uncorrected refractive errors that may potentially impact upon 
children‘s functional performance in school. 
 
School authorities and teachers will also benefit from the findings of this study. It 
was demonstrated that the high demands on a child‘s visual system are largely a 
function of the classroom physical environment, learning materials used, as well as 
the type of daily academic activities undertaken. Therefore, steps should be taken to 
increase awareness among teachers regarding the necessary factors needed to be 
considered in the preparation of learning materials as well as classroom activity 
planning to reduce the high visual demands imposed and ensure a comfortable 
learning environment for students. This includes factors such as classroom 
illumination levels, students seating arrangement, text size, colour and contrast levels 
of learning materials and incorporating short breaks during sustained academic 
activities. For example, learning materials (both printed and computer-based) should 
be prepared as black print on a white background to provide maximum contrast, 
while text sizes should be larger than the threshold of visual acuity (0.33 logMAR for 
distance and 0.72 logMAR for near). Student seating arrangements in classrooms 
should be planned in a way that provides comfortable and clear viewing at all times. 
Classroom lighting levels should be appropriate depending on the tasks being 
performed, which can be controlled by adjusting either the artificial (turning on or 
off the lights) or natural (using blinds or curtains) light sources, whichever is 
appropriate or possible. The majority of these teaching modifications will benefit not 
only children with a normal visual profile, but also those with any known visual 
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impairment who are being educated within standard school environments rather than 
schools dedicated for children with disabilities. 
 
Another important finding from the experiments in Study 2 was that sustained near 
work resulted in a small but significant decrement in performance on the academic-
related measures, even in the absence of any refractive error simulation. This has 
important implications for classroom activity planning and management by teachers 
given that Study 1 of this thesis demonstrated that sustained near tasks were one of 
the most common daily learning activities performed in primary school classrooms. 
Therefore, frequent short breaks should be incorporated between continuous near 
tasks to ensure that children do not experience excessive fatigue, which may be 
detrimental to their academic performance. 
 
8.3 FUTURE RESEARCH DIRECTIONS 
The results from the studies included in this thesis demonstrated that a range of 
visual parameters are important for children to perform optimally in school. These 
include visual acuity, contrast demand ability and accommodation-vergence 
components. All of these parameters need to be within clinically acceptable normal 
ranges (according to age) to ensure that children are able to meet the demands placed 
on their visual system in modern school classrooms. It was also demonstrated that 
any visual anomalies which reduce the efficiency of the visual system, such as low 
levels of uncorrected refractive error, may lead to inability of children to achieve 
optimal school performance. The findings demonstrated that children may perform 
below their capability in the presence of certain uncorrected refractive errors. These 
studies suggest some potential areas that require future research, which will provide 
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greater insight regarding the relationship between visual function, vision anomalies 
and academic performance in children. 
 
While a large number of schools and classrooms were included in the current study, 
these were limited to state schools and typically located in urban regions and higher 
socioeconomic areas of Queensland. Future studies should include a wider range of 
schools, such as those in other Australian states, rural and lower socio-economic 
regions, as well as private schools to investigate if the level of visual demand 
depends on factors such as geographical location, socio-economic factors or type of 
schools (private and public) given that school facilities may vary depending on these 
factors. In addition, a wider range of classrooms should be targeted, including 
younger (kindergarten to Year 2) and older (middle through high school) age groups 
as the nature of the learning environment may differ with year level. Based on this 
hypothesis, it would be expected that any inefficiencies of the visual system, such as 
uncorrected refractive errors or binocular vision anomalies, may impact differently 
on children depending on their age. Therefore, understanding the specific levels of 
visual factors required by children of different age groups will guide paediatric 
optometric management decisions. Future studies should also include actual 
measurements rather than estimation methods for parameters such as near working 
distances when assessing the visual demands of the classroom environment. 
 
The use of a simulation approach in the Study 2 experiments enabled the control of 
inter-individual variations in performance and identification of the effects of the 
simulated refractive error alone. However, this approach does limit the extent to 
which these findings can be generalised to children with habitual uncorrected 
  
Chapter 8: Summary and conclusions 243 
refractive errors, who may have partially or completely adapted to their visual 
anomalies. Therefore, future studies should include children with habitual 
uncorrected refractive errors to investigate if similar functional deficits manifest in 
these children as well. Importantly, such studies should involve children with a wider 
range of academic abilities, particularly those who are performing below average for 
their age or school grade levels. It is predicted that poorly performing children may 
be disadvantaged to a greater extent, given that the current study demonstrated that 
even children with above average performance were functionally affected in the 
presence of the simulated refractive error. It would also be interesting to investigate 
the impact of uncorrected refractive errors on computer based academic-related tasks 
in future studies, as these have been shown to be integral to a range of learning 
activities in modern classrooms. Another potential option for future studies is to 
explore the rate of reduction in functional performance over time, as this could not be 
determined with the experimental design adopted in Study 2. This information would 
enable the determination of the maximum duration of sustained near work that could 
be imposed on children before resulting in a significant decrement in performance.
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INFORMATION FOR QUT RESEARCH PROJECT 
– School Principals – 
Visual Demands in Modern School Classrooms 
QUT Ethics Approval Number 1200000527 
RESEARCH TEAM    
Principal Researcher: Ms Sumithira Narayanasamy – PhD Student –  
Queensland University of Technology (QUT) 
Associate Researchers: Professor Joanne Wood     and     Dr Geoff Sampson 
 School of Optometry and Vision Science – Faculty of Health – QUT  
DESCRIPTION 
The purpose of this project is to investigate the visual demands in modern primary school classrooms 
and how uncorrected visual problems may impact on academic based performance measures. The 
first part of this research project is to determine the specific visual skills which are required by 
children to enable them to perform efficiently in classroom. A variety of visual skills have been 
proposed to impact academic performance of school children, however, very little research has been 
conducted to investigate this issue.  
PARTICIPATION 
Participation by your school is divided into two stages  
1. The first stage will involve the principal researcher observing classroom settings to 
determine the visual skills that are required to perform efficiently within the classroom. 
Some physical measurements such as classroom dimension, lighting levels, sizes of targets 
used at distance and near will be conducted. Photographs of classroom setting as well as 
learning materials used will also be taken. These procedures will be conducted during break 
times, when the children are not in the classroom and no children or staff will be included in 
photographs. In addition, a full day of classroom learning will be observed and the amount 
of time children spend doing specific activities such as reading, writing and computer work 
will be recorded (in written form only).  This observation anticipates involvement of select 
Grades 5 and 6 classrooms from your school.  
2. In the second stage of the study, children aged 10-12 years will be recruited to participate in 
studies conducted at the School of Optometry and Vision Science, (QUT). These procedures 
will involve the children completing brief tests of reading, eye movement and visual 
information processing   while viewing through a lens that blurs their vision or cause the 
eye’s focusing and alignment muscles to work slightly harder than normal. For this stage, we 
are seeking your permission to distribute recruitment flyers to students/parents of your 
school inviting them to participate. 
The participation of your school in this project is entirely voluntary. If you do agree to participate, 
your school community can elect to withdraw from the project at any time without comment or 
penalty. Any identifiable information already obtained from you will be destroyed if requested. The 
decision for your school to participate or not participate will in no way impact upon your current or 
future relationships between your school and QUT. 
EXPECTED BENEFITS 
It is expected that this project will not directly benefit your school. Your involvement however will be 
beneficial to the wider education community as this research will provide an important addition to 
existing knowledge regarding the role of vision impairment in learning. 
RISKS 
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There are no risks beyond normal day-to-day living associated with your school’s participation in this 
project. The observation procedures will be conducted solely by the principal researcher in a manner 
which will provide minimum disruption to daily classroom learning. 
PRIVACY AND CONFIDENTIALITY 
All information collected during this study will be treated confidentially.  The data will be individually 
identifiable only on securely stored hard copy records that are accessible only to the research team. 
All electronic data and information prepared for future publications or presentations will have 
individual identifiers removed so that the identity of you, your school and your students remains 
anonymous. 
CONSENT TO PARTICIPATE 
We ask that you to sign the following consent form to confirm your agreement for your school to 
participate. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information please contact research team members 
named below: 
Sumithira Narayanasamy  Professor Joanne Wood Dr Geoff Sampson 
07 3138 5504 07 3138 5701 07 3138 5711 
sumithira.narayanasamy@student.qut.edu.au  j.wood@qut.edu.au  geoff.sampson@qut.edu.au  
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you 
do have any concerns or complaints about the ethical conduct of the project you may contact the 
QUT Research Ethics Unit on 3138 5123 or email ethicscontact@qut.edu.au. The QUT Research 
Ethics Unit is not connected with the research project and can facilitate a resolution to your concern 
in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT 
– School Principals – 
Visual Demands in Modern School Classrooms 
QUT Ethics Approval Number 1200000527 
RESEARCH TEAM CONTACTS 
Sumithira Narayanasamy  Professor Joanne 
Wood 
Dr Geoff Sampson 
 3138 5504  3138 5701  3138 5711 
sumithira.narayanasamy@student.qut.edu.au  j.wood@qut.edu.au  geoff.sampson@qut.edu.au  
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 Have read and understood the information document regarding this project. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
 Agree to your school participating in the project 
 Please also tick the boxes below to indicate the Stage(s) your school agrees to 
participate in: 
□ Stage 1       
□ Stage 2       
 
Name  
Signature  
Name of School  
Date   
Please return this sheet to the investigator. 
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Research consent forms for parents/guardian and children 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH 
PROJECT 
– Parent/Guardian – 
Visual Demands in Modern School classrooms 
QUT Ethics Approval Number 1200000527 
RESEARCH TEAM  
Principal Researcher: Ms Sumithira Narayanasamy – PhD Student 
Associate Researchers: Professor Joanne Wood     and     Dr Geoff Sampson 
 School of Optometry and Vision Science – Faculty of Health 
 Queensland University of Technology (QUT) 
DESCRIPTION 
The purpose of this project is to investigate visual demands in modern primary school classrooms 
and how uncorrected visual problems may impact on academic based performance measures. 
Recent studies have reported increasing prevalence of eye problems among children, but few studies 
have really looked into how these visual problems may affect their academic performance.  
This research project will investigate the impact of certain simulated visual problems on the 
performance of children on standardised academic based tests. The research team is seeking your 
assistance because you are parents of child/children aged 10-12 years. 
PARTICIPATION 
Participation of your child will involve one or two separate visits to the QUT School of Optometry and 
Vision Science, Kelvin Grove campus: 
1. During the first visit, which may take up to about 60 minutes in total, a vision screening test, 
including measures of vision, focusing error and eye alignment, will be conducted to confirm 
that your child has normal vision. If so, your child will be asked to complete a brief series of 
tests and a second visit will be arranged. These tests will include reading, eye movement and 
visual information processing and will be done while they are looking through a lens that may 
blur their vision or cause the eye’s focusing and alignment muscles to work slightly harder 
than normal. 
2. Provided your child is eligible from the initial screening, the second visit, which will take about 
45 minutes, will involve your child completing a similar brief series of reading, eye movement 
and visual information processing tests, while they are looking through a different lens that 
may blur their vision or cause the eye’s focusing and alignment muscles to work slightly 
harder than normal.  
During both visits brief break times will be provided in between the measurements. Your child’s 
participation in this project is voluntary. If you do agree for your child to participate, you can 
withdraw them from participation during the project without consequence. Any identifiable data 
obtained from your child will be destroyed if requested by you.  
EXPECTED BENEFITS 
Your child will receive a comprehensive vision screening that consists of a range of routine clinical 
tests. In the unlikely event that a previously unknown visual problem or eye health condition is 
detected, appropriate referral for on-going care will be arranged. A full eye examination will be 
recommended and an appropriate referral provided for the child. Parents will be provided with a list 
of optometric service providers in Queensland so that they can select a practitioner at a convenient 
location. The research team undertakes the responsibility to identify undiagnosed visual problem in 
children entering the study. However, we are unable to undertake responsibility for the cost of 
professional care. In addition to that, to compensate you for your contribution and to help towards 
travel costs, the research team will provide you with a gift voucher. 
RISKS 
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The risks associated with your child’s participation in this study are minimal and are no greater than 
those involved in a standard eye test. Your child might feel slight discomfort (tired eyes) when 
undertaking some of the tests. This condition is similar to the visual stress and fatigue involved with 
long periods of concentration that may be experienced with reading or computer work. However, it 
is unlikely that any discomfort will persist after completion of the tests. Brief breaks will be provided 
in between measurements.  
If your child indicates a wish to cease involvement with the experiment as a result of discomfort or 
for any other reason, then the procedures will be stopped immediately. 
PRIVACY AND CONFIDENTIALITY 
All comments and responses will be treated confidentially.  The data from your child will be 
individually coded on securely stored hard copy records that are accessible to only the research 
team. Electronic versions of the data and information prepared for future publication and 
presentations will have all individual identifiers removed so that the identity of your child is fully 
protected.  
You will be informed as to whether your child passes or fails the initial vision screening, but detailed 
results on your child’s performance on the psychometric tests will not be provided. However, it is 
possible for you to request a summary of the study’s final outcome. 
CONSENT TO PARTICIPATE 
We ask that you sign the following consent form to confirm your agreement for your child to 
participate. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information please contact research team members 
below. 
Sumithira Narayanasamy  Professor Joanne 
Wood 
Dr Geoff Sampson 
3138 5504 3138 5701 3138 5711 
sumithira.narayanasamy@student.qut.edu.au  j.wood@qut.edu.au  geoff.sampson@qut.edu.au  
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you 
do have any concerns or complaints about the ethical conduct of the project you may contact the 
QUT Research Ethics Unit on 3138 5123 or email ethicscontact@qut.edu.au. The QUT Research 
Ethics Unit is not connected with the research project and can facilitate a resolution to your concern 
in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT  
– Parent/Guardian and Child – 
Visual Demands in Modern School Classrooms 
QUT Ethics Approval Number 1200000527 
RESEARCH TEAM CONTACTS 
Sumithira Narayanasamy  Professor Joanne 
Wood 
Dr Geoff Sampson 
3138 5504 3138 5701 3138 5711 
sumithira.narayanasamy@student.qut.edu.au  j.wood@qut.edu.au  geoff.sampson@qut.edu.au  
STATEMENT OF PARENT/GUARDIAN CONSENT 
By signing below, you are indicating that you: 
 Have read and understood the information document regarding this project. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Research Ethics Unit on 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
 Have discussed the project with your child and their requirements if participating. 
 Agree for your child to participate in the project. 
Name of Parent  
Signature  
Date  
STATEMENT OF CHILD CONSENT 
Your parent or guardian has given their permission for you to be involved in this research project. 
This form is to seek your agreement to be involved. 
By signing below, you are indicating that you: 
 Have read and understood the information about this project. 
 Have discussed the project with your parent/guardian. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Research Ethics Unit on 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
 Agree to participate in the project. 
Name of Child  
Signature  
Date  
Please return this sheet to the investigator. 
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